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I N T h O D U C T G k Y. 
Within recent years the endocrines have advanced 
rapidly in surgical interest. Great strides have 
been Lade, not only in the direction of a better 
understanding of' the biochemistry of the principal 
glands, but also in the treatment of their diseases 
by surgical measures. The principal hormone of the 
thyroid appears to have been isolated and to have 
been produced synthetically by Kendall, and the work 
of Plummer, Goetsch, and Wilson, has done much to 
elucidate the pathological affections of this gland. 
Brailsford Robertson believes that he has succeeded '. 
isolating the active principal of the anterior lobe o 
the pituitary. In the direction of surgical therapy, 
the scientific method and careful technique of Críle, 
Mayo, Judd, and others in their work on the thyroid 
gland has been followed by the most happy results, 
more especially in the treatment of the various forms 
of toxic goitre. Operations on the pituitary,especiel 
ly in the hands of Frazier & Adson, have been followee 
by much greater success than formerly. 
Treatment by methods of grafting or transplant- 
ation is becoming better understood, and there is 
little reason to doubt that this line of treatment,in 
cases of endocrine deficiency, will become establi.sheà 
presently/ 
(la) 
presently on a sound basis. Recent experience has 
shown that in the suprarenal deficiency of Addison' s 
disease - so long intractable to any form of treatment- 
:there is every hope of obtaining oura.tive results by 
grafting, if the graft is embedded in a suitable position. 
Knowledge still lags,however,in the case of many 
of the endocrines,both in regard to their physiology 
and their pathology. The function of the pineal gland 
is largely a matter of conjecture,the fate of the se- 
cretion óf the posterior lobe of the pituitary is still 
under discussion,and much remains to be learned of the 
function of the pa.rathyroids and of the suprarenal 
cortex. 
The object of the present investigation is to ex- 
amine the principal endocrines in a state of function- 
al a .ctivity,00mparing the appearances with those of th; 
organs in a ruiscent state,and to consider the bearing 
of the signs of secretory activity of the healthy glan . 
on the physiology and also on the pathological affec- 
tions in each case. 
It is well known that in certain states of the 
Ìorganism, especially those of excessive sympathetic 
exc itat ion ,such as occurs in rage or fright, as shown 
by Cannon,and at certain periods of life - dentition, 
puberty, menstruation, and pregnancy - there is an ex- 
cessive demand on the activities of the endocrine 
organs. These activities reach their zenith in preg- 
nancy, which condition throws a greater strain on the 
organism than any other physiological process. It is 




exists a condition of pluri -glandular activity in which 
all, or the majority, of the endocrines are function- 
ing more actively than normal. a comparison of the 
histological appearances in non -pregnant and pregnant 
animals is therefore likely to show certain differ- 
ences between the resting and the active phases of 
endocrine tissues. 
In order to examine the finer details of cell 
structure it is necessary to obtain an immediate 
coagulation of the living protoplasm. It is only by 
immediate fixation of the tissues from newly- killed 
animals that a satisfactory result can be obtained. 
A specimen from a healthy human subject at the desired 
periods is rarely, if ever, available, and the tissues 
examined after death from infective or toxic causes 
are practically valueless from the point of view of 
the study of the normal organ or tissue. .ven in 
cases of death of healthy subjects from injury there 
is inevitably delay in obtaining and fixing the 
tissue, and in the interval secretion products dis- 
appear and extensive degenerative changes may take 
place in the cell protoplasm. 
In the present research the animals employed 
have been healthy guinea -pigs and rabbits. The 
guinea -pig has been a specially suitable subject for 
examination, the principal endocrine glands being all 
of/ 
(3) 
of large size and easily discovered and stained. 
Elliott & Tuckett have shown that this animal possesses 
a larger suprarenal in proportion to its size than 
any other of the usual laboratory animals. The same 
probably holds good with regard to the thyroid and 
the thymus. Tissues from the human subject have als6 l. 
been examined in certain cases, but owing to the delay 
between the time of death and the fixation of the 
specimen, the results, as a general rule, have been 
less satisfactory than in animals. In the case of a 
few operation specimens, however, it was possible to 
fix the tissue while it was still warm, and these 
specimens gave good histological results. 
THE PITUITARY. 
Secretory activity in the pituitary is accom- 
panied by well- marked histolcgioal changes. Much 
interest has been excited by the hypertrophy which the 
gland undergoes during pregnancy, and special attention 
has been directed to the changes which take place in 
the pars anterior in this state. An examination of the 
posterior lobe in pregnant animals reveals evidences 
of secretory activity which are equally striking. 
MATERIAL And METHODS EMPLOYED. 
For the purposes of the present investigation 
the/ 
(4) 
the pituitaries of 24 animals were examined, 16 guinea- 
,pigs and 8 rabbits. Of the guinea -pigs 8 were pregnant 
and 8 non -pregnant. In the guinea -pig the exact 
;duration of the pregnancy was unknown, but it was 
;possible and helpful to divide the animals roughly into 
3 groups according to the size of the gestation sac. 
These have been termed early, mid -, and late pregnancy 
In the case of the rabbits the date of impregnation 
was exactly known. The gestation period in this 
animal is 28 days, and the following series has been 
examined: - 
(1) Two non-pregnant animals were examined as 
controls. One of these was killed in the ..winter months, at 
which season the endocrines are probably in their 
most quiescent condition in this animal, and are least 
likely to be affeoted by activity of the reproductive 
system. 
(2) One animal 7 days pregnant. 
(3) TT TT 11 
TT TT 
(4) TT TT 117 
VT TT 
(5) TT IT 23 
!T TT 
(6) TT TT 
2 C TT TT 
(7) TT TT one week after delivery. 
This series serves to illustrate the condition of the 
gland at short intervals throughout the whole pregnarny 
and immediately afterwards. 
In/ 
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In order to avoid damage to the pituitary it is 
_;ecessary to fix it in situ. Unless this precaution 
is taken, the intraglandular cleft is apt to be broken 
into and other damage is liable to occur. According- 
ly, the plan adopted, both in the guinea -pig and the 
rabbit, was to remove a segment of the base of the 
skull for a considerable distance around the sella 
turcica. The gland was left undisturbed in the sella 
during fixation and dehydration. Before embedding in 
paraffin an incision was made in the sagittal direction 
through the dura mater on each side of the sella and 
the dura was stripped from the sella turcica, taking 
the pituitary with it. Ta facilitate orientation the 
strip of dura was made longer in the antero- posterior 
direction. The fixative used was either Zenker' s or 
Flemming's solution. In most cases the organs were 
out so as to obtain serial sections in the sagittal 
plane across the central part of the gland. Cushing 
has emphasized the fact that only by median sagittal 
sections including the stalk can a proper estimate of 
conditions be obtained. 
As a routine procedure, the sections were stain- 
ed with Heidenhain' s iron- ha.ematoxylin, alone and in 
combination with eosin, acid fuchsin, and congo -red. 
Of the aniline dyes the combinations of thionin blue 
and 
(6) 
and eosin and methylene blue and eosin were employed. 
An acid solution of toluidin blue was found to give 
excellent differential staining. Saffranin was also 
used as a routine reagent and was especially useful in 
the investigation of the pars nervosa. 
MORPHOLOGY. 
In order that the succeeding remarks may be 
readily comprehensible, it is necessary to recapitulat 
as briefly as possible, the essential facts with regar 
to the structure and development of the pituitary. It 
`more or less completely fills the cavity of the sella 
turcica of the sphenoid, and is connected with the 
tuber cinereum at the base of the brain by means of 
the infundibulum, a short stalk which encloses a pro- 
longation of the cavity of the third ventricle - the 
infundibular recess. The dura mater gives a complete 
covering to the pituitary. As it approaches the 
sella turcica it splits into two layers, the lower of 
Which lines the cavity, while the upper becomes 
attached to the four clinoid processes and forms a 
roof to the space - the diaphragma sellae. This is 
perforated in the centre by an aperture through which 
ithe infundibulum passes. 
The pituitary shows a very intimate relationship 
to/ 
(7) 
to large venous channels (see Fig. ) as well as to t 
the vessels of the circle of Willis. It is surrounded 
y the circular sinus, which is composed of the caver- 
nous sinuses on each side and the anterior and 
posterior intercavernous. The third cerebral nerves 
pass from behind forwards on either side in close 
proximity to the pituitary. The optic chiasma is 
situated above and in front. 
The gland is made up of two lobes and the sub- 
division is evident to the naked eye. In the human 
subject the anterior portion is a hard kidney -shaped 
lobe, concave posteriorly, pink or yellowish -pink in 
colour, forming a marked contrast with the posterior 
lobe, which is very soft and paste -like and pearly - 
white in colour. The two lobes are joined together 
and enclosed in a common fibrous capsule. When they 
are pulled apart, separation takes place along the 
intra- glandular cleft, a narrow space which, as first 
pointed out by Kolliker, represents the residual lumen 
of Rathke's pouch, the pharyngeal diverticulum from 
which the epithelial portion of the gland developer. 
The guinea -pig and the rabbit provide examples of 
the two types of mammalian pituitary most commonly met 
with. In the guinea -pig the diaphragms sense is 
translucent and the two lobes are both visible from 
above. The posterior lobe is rounded and whitish and 
lies above and behind the much larger anterior lobe. 
The anterior lobe bulges forwards and outwards so that 
in this animal the pituitary is more or less discoid 
P/Tu/THRY OF Gu/NER - PIG. 
THE POSTERIOR LOBE LIES ABOVE AND BEHIND THE ANTERIOR 
THE CLEFT IS WELL DEFINED 
THE STALK .$HOi.IS THE PROLONGATION OF THE TH/RO 
'IENTRICLE . 
HE ;Ai V EST /NG DURA MATER /S INTACT 
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8) 
in shape. Fig. 1 shows a median sagittal section of 
the pituitary of a non-pregnant guinea -pig. The 
posterior lobe lies above and behind the anterior. 
The intra- glandular cleft is well defined. The pars 
intermedia, forming the posterior wall of the cleft, 
is continued so as to form a complete investment for 
the pars nervosa. This investment is specially 
thickened in the neighbourhood of the neck, the regions 
where the stalk joins the kárs nervosa, and is prolong- 
ed upwards on the stalk towards the base of the brain. 
The stalk is hollow and the prolongation of the third 
ventricle extends well down towards the pars nervosa. 
This type of pituitary is also met with in the dog. 
The figure shows the manner in which the dura mater is 
related to the pituitary. The rabbit's pituitary is 
shown in Fig. 2. The pituitary of this animal 
corresponds to the type met with in man. The poster 
lobe lies directly behind the anterior, instead of 
above and behind. The cleft is partly obliterated, 
being broken up into several isolated segments. The 
pars intermedia affords only a partial investment to 
the pars nervosa, leaving a considerable portion of 
the posterior aspect uncovered. It shows a localised 
accumulation in the region of the neck, but does not 
invest the stalk. It is seen again in the region 
where the stalk is attached tc the tuber cinereum. 
The sella turcica in the rabbit is narrow and deep, so 
that/ 
Fie-. 2 PITUITARY OP RHBBI/'. 
THE POSTERIOR LOBE LIES DIRECTLY BTFHIivO THE ANTERIOR. 
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/HIS REPRESENTS THE CONDITION MET 14;TH IN THE Ht ;AAA 
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(9) 
that the pituitary is more or less ovoid in shape, 
with the long axis in the antero-posterior direction. 
BLOOD -SUPPLY 
The details of the blood -supply have been 
thoroughly investigated by Herring and by Dandy & 
Goetsch. Herring examined the internal circulation 
and showed that the main vessels of the pars anterior 
and of the pars nervosa respectively are independent 
of one another. If the pars anterior is successfully 
injected with carmine- gelatine, it appears to be a 
close net -work of vessels. The vessels are so 
abundant that a photograph of this part appears almost 
black. The arteries supplying the pars anterior con- 
sist of fifteen to twenty small vessels derived from 
t'nei.r 
the internal carotid which reach destination by pass- 
ing down the stalk. The smaller vessels in this part 
of the pituitary are sinusoidal in character. Some 
of the veins from the pars anterior run up the stalk 
and discharge into the large cavernous sinuses on 
either side of the pituitary; while other veins appear 
to pass into the posterior lobe in which they run 
beneath the pars intermedia. 
The posterior lobe is supplied by a median artery 
which enters the postero- superior surface. This 
vessel arises from the union of two symmetrical 
branches/ 
(io,.) 
branches from the internal carotid and has been termed 
the azygos artery. The veins of the posterior lobe 
are situated beneath the cells of the pars intermedia, 
and they unite to form venous channels, most of which 
pass out through the postero -superior surface in con- 
junction with the azygos artery, and empty into the 
cavernous sinuses or the posterior intereavernous. 
The arrangement of the vessels of the pituitary is 
peculiar in that the arteries supplying the pars 
anterior have an origin different from that of the 
artery supplying the posterior lobe; whereas the 
veins of the two lobes are not entirely independent of 
each other. This vascular distribution is important 
in regard to the physiological interdependence of the 
two lobes. 
DEVELOPMENT. 
In a human foetus of 2.5 m.m. in length the 
pituitary is represented by what is known as the hypo - 
physial angle. This angle is produced by the 
junction of the upper limit of the pharyngeal membrane 
with the roof of the primitive stomodeum. When this 
membrane breaks down, the hypophysial angle, which is 
ectodermal in origin - as was first shown by Balfour - 
becomes deepened to form Rathke's pouch. According to 
becomes 
Herring, when the hypophysial angle deepened into a 
definite 
definite pouch by the bending forwards of the stump 
of the pharyngeal membrane - which causes the upper 
surface of the angle to curve backwards and downwards 
- a portion of the adherent cerebral vesicle is 
dragged down and forms a hollow process behind the 
pouch. This cerebral recess represents the first 
appearance of the infundibular or neural process. At 
this stage there is no connective tissue between the 
cerebral vesicle and the buccal epithelium; conse- 
quently a very close union is formed between the two 
parts, and the juxtaposition of the structures concer- 
ened.is maintained during the subsequent stages in the 
development of the pituitary. 
The further stages are well- defined. The pouch 
of Rathke next becomes triradiate and then shows 
numerous diverticula branching out anteriorly and 
laterally, so that the pituitary becomes a much en- 
larged racemose body. The infundibular process be- 
comes more and more intimately blended with the hypo- 
physis, and gradually in the human subject and in mos 
mammals the central cavity disappears except,perhaps, 
for a small pouch of the cerebral vesicle at the neck. 
In the cat and the opossum the central cavity persists. 
Most of the rabbits examined showed a persistence of 
an isolated part of the cavity in the substance of the 
pars nervosa. The residual lumen of the hypophysis - 
the 
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the remains of Rathke' s pouch - from which diver- 
ticula can be traced, is closely applied on its poster- 
ior aspect to the neural surface. This thin posterior 
wall of the cavity of Rathke' s pouch eventually forms 
the pars internedia or juxtaneural epithelium. 
Ultimately, in mammals, the branching processes 
of the pars anterior fuse, or become compressed to- 
gether, to produce a more or less compact structure. 
In elasmobranchs this tubular or branching arrangement 
is the final state of development. 
From the manner of development of the anterior 
lobe, cell inclusions are sometimes found to exist 
along the line of the so- called "canalis cranio- 
pharyngei&7 in a systematic study of a series of 51 
human subjects of all ages Haberfeld found with regu- 
larity a shall glandular strand, varying from 1 to 7 
m.m. in length, situated in the mucous membrane just 
behind the ala of the' vomer. This he designated the 
"Hypophysis pharyngea'. This collection of cells has 
been known to.constitute the source of a neoplasm in 
the adult. Dandy and Goetsch have also been able_ to 
demonstrate a remnant of the other end of the canal. 
They found between the layers of dura in the central 
part of the floor of the sella turcica another epi- 
thelial rest, which they have termed the Para.hypophysi 
This is fitted into a. small depression in the bone and 
consists of a cluster of chromophobe cells. 
THE TWO TYPES OF CELL STAINED WITH THE 
CÓ!IBINAT(ON OF IRON- HREMAToxyL(N AND EOSIN 
THE DARKLY STRIMED CELLS ARE THE CHRomoPHiLS Taose 





The Pars Anterior of the pituitary is made up of 
a branching compact net work of epithelial columns and 
threads supported by a frame -work of fine connective 
tissue. The columns are separated from each other by 
large sinusoidal blood -spaces which are a striking 
feature of this part of the gland. These sinuses are 
lined with a single layer of epithelium and the secret- 
ing cells, in many cases, are placed directly on the 
vessel wall. This arrangement is of great importance 
in the consideration of the method of the escape of 
secretion. flesch & Ecstoiewsky, working independent 
ly, were the first to describe two types of cell with 
different staining and Lothringer followed 
with a definite description of the staining characters 
of the two varieties - the chromophil and the chromo- 
phobe. Sohönemann divided the chromophils into two 
sub -varieties - (1) the eosinophilic or acidophilic, 
and (2) the basophilic or cyanophilic cells. The 
question as to whether these cells are distinct varietes 
or the same cell in different states of functional 
activity will be discussed later. 
In the human pituitary all three types of cell 
are present. In the guinea -pig and in the rabbit, as 
Blair Bell has pointed out, there are no true basophil 
cells, the cells being eosinophil and either chromopobe 
or/ 
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or showing a very faint basophil staining of the proto- 
plasm. Ko j ima has described basophil cells in the 
pituitary of the rat. The eosinophil cells stain a 
bright pink with eosin and an acid solution of toluidin 
blue (See Fig. 3). They are spheroidal or polyhedral 
in shape, with a nearly homogeneous protoplasm which 
is full of fine granules. Studnicka states that the 
granules are more abundant on the side of the cells 
adjoining the blood -sinuses, but I have not been able 
to verify this observation. In the animals examined 
the granules appear to be equally distributed through- 
out the cell. The nuclei stain well with haema- 
toxylin and are rounded and well- defined. They are 
usually described as being commonly central in position 
but in the guinea -pig they are nearly always eccentric 
so that the position of the nucleus cannot be regarded 
as characteristic. The eosinophil cells stain very 
well with iron haema.toxylin and the granules show up 
distinctly with this stain. (See Fig. 4.) This 
fact seems generally to have escaped observation, but 
a careful comparison of sections stained with eosin 
and with irton- haematoxylin shows that the cells with 
the bright -pink protoplasm in the one case correspond 
to the darkly-staining cells in the other. 
The chromophobe cells are also rounded or poly- 
hedral in shape, though sometimes ill- defined. The 
cytoplasm/ 
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cytoplasm is faintly granular, while the nucleus is 
large and centrally placed, either round or irregular 
in shape, with a chromatin net -work which stains 
distinctly with basic dyes, though less readily than 
that of the eosinophil cells. The basophil cells of 
the human pituitary are large cells with nuclei 
eccentrically placed and with homogeneous and granular 
protoplasm which stains dark blue with haematoxylin. 
The cytoplasm may contain rounded vacuoles. 
Ragowitsch described the existence of nucleated 
masses of embryonic tissue in the anterior lobe. 
H. Stieda made a similar observation and described as 
"Kernhaufem" masses of embryonic tissue full of close- 
ly packed nuclei, having little protoplasm and no cell 
borders. I have observed this appearance in the 
rabbit, chiefly in the neighbourhood of the lateral 
margin of the intra- glandular cleft. 
The distribution of the various types of cell in 
the anterior lobe varies considerably in different 
species. The statements of different observers as to 
the arrangement in the lower animals are in many cases 
conflicting; thus, Blair Bell believes that no two 
pituitaries in any animal or human being are alike in 
this respect. Tilney, on the other hand, believes 
that the chromophils and the chromophobes tend to be 
limited to definite regions of the gland. The 
discrepancies 
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discrepancies are probably due to the want of a uniform 
;method of sectioning the pituitary and to failure to 
take into account the state of physiological activity 
of the gland. 
The arrangement of the types of cell in the two 
animals examined was in certain regions remarkably 
constant. In both the rabbit and the guinea -pig the 
eosinophils predominate, but chromophobes are always 
abundantly present. The two varieties of cell are 
intermingled over the greater part of the anterior 
lobe, but in certain regions the one type is found to 
the almost complete exclusion of the other. In the 
rabbit a median sagittal section always shows a septum 
of connective tissue passing downwards from the capsul 
on the superior aspect of the gland about halfway be- 
tween the pars intermedia and the anterior border. The 
area lying in front of this consists almost entirely 
of chromophobe cells , both in the non- pregnant and in 
the pregnant animal (Figs. 8). In the guinea -pig 
the cells in front of the lower end of the cleft are 
almost entirely chromophil. In_ the human subject, 
according to Cushing, the eosinophils are usually most 
abundant towards the centre of the anterior-lobe,while 
the basophils are most numerous towards the periphery. 
Chromophobes are relatively scarce and are found in 
the neighbourhood of the cleft and scattered elsewhere 
throughout 
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throughout the pars anterior. 
Under certain conditions the eosinophil cells 
are seen to be arranged in a vesicular manner with 
masses of acid- staining secretion in the centre. 
Blair Bell states that this arrangement is not met 
with in the rodents, but I have observed it in both 
the rabbit and the guinea -pig, though it is not common 
in either. The significance of this appearance will 
be discusse:i later. In the human pituitary vesicles 
containing basophil colloid substance are sometimes 
seen; the cells surrounding the substance are chromo- 
phobe or faintly eosinophil. Thaon & A.S. & H.Grunbaai 
have described the presence of secretion in the blood - 
vessels and sinuses of this part of the gland. 
Thaon, Erdhein & Stumme, and others have directe 
attention to, the lipoid particles that may be demons- 
trated in the epithelial elements of the pituitary. 
These bodies stain witgi Sudan III, Scharlack R, and 
osmio acid and are soluble in ether and alcohol. The 
amount of lipoid material varies enormously in differ- 
ent pituitaries and probably in different circumstance. 
The stained lipoid bodies vary in size from dust -like 
particles to globular masses considerably larger than 
the nuclei of the cells. We are not yet in possessio 
of enough information to draw satisfactory conclusions 
as to their exact nature and import. 
There are no nerve cells or medulla.ted nerve 
fibres 
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fibres in this part of the pituitary. Berkley has 
describe 1 sympäthetio nerve fibres derived from the 
carotid plexus. These sympathetic fibres, which are 
very fine and varicose, come off the main stem appra 
mately at a right angle, cross the sinuses to run an 
irregular course among the epithelial cells, and 
finally break up into branching terminations with 
numerous ball -shaped endings which lie in the inter- 
cellular tissue. 
The existence of lymphatic vessels in the pars 
anterior has not been definitely settled. Thaon has 
(failed, to find any. Caselli, however, asserts that 
lymphatics are abundant, while Herring states that 
there is considerable doubt as to whether they exist 
or not. Edinger believes that lymph spaces separate 
the epithelial cells from the blood- sinuses. Most 
observers, however, agree that lymphatics, if present, 
must be extremely few in number. 
THE INTRAGLAEDULAR CLEFT. 
The cleft - the residual lumen of Ratlike' s pouch 
- intervenes between the pars anterior and the pars 
intermedia. In the guinea -pig (Fig. I) it is a well - 
defined fissure extending across the greater part of 
the gland, both in the vertical and the transverse 
direction. It is limited below by a thin strip of 
pars anterior which becomes continuous with the pars 
intermedia/ 
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intermedia. Unless great care is exercised in hand- 
! 
Ilintg the specimens this strip is apt .to break down. 
In the resting state the cavity is lined with flatten -! 
ed cells in about the upper two- thirds of the anterior 
aspect (Fig. 9). The lower third of the anterior 
boundary is covered with columnar epithelium which is 
commonly ciliated (Fig. 10). This condition of the 
epithelium of the lower part of the cleft is constant 
as regards the guinea -pig, though I have not found any 
reference to it in the literature. The posterior 
boundary of the cleft consists of the cells of the par 
intermedia. In the resting phase the cleft usually 
appears empty, but when the gland is functioning 
actively it may contain visible secretion . In the 
rabbit the cleft presents the appearance usually met 
with in the human subject. It is partly obliterated 
and broken up into isolated segments, forming separate 
cavities which may contain colloid secretion. These 
cavities are lined with columnar ciliated epithelium 
(Fig. 11). The frequency with which ciliated epi- 
thelium is met with as the lining of the cleft appears 
generally to have escaped notice. 
Kojima describes the cleft in the rat as resembl 
ing the condition met with in the rabbit; it is parti 
obliterated and may form a chain of isolated cavities. 
tierring states that the anterior lobe in the cat is 
jisually separated from the cleft by a single layer of 
flattened/ 
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flattened cells, which are larger than endothelial 
cells and are continuous at the anterior and posterior 
ends of the cleft with the cells of the epithelial re -1 
fleet ion. He makes no mention of ciliate I columnar 
epithelium in relation to the oleft in this animal. 
John Fraser has recently shown that in the human sub- 
ject in early life the cleft may be çuite well develop- 
ed, and may show important variations as to its con- 
tents, which depend on the state of physiological 
activity of the gland. 
Pars Intermedia: This portion lies mainly behin 
the intra -glandular cleft. At the lateral margin of 
the cleft it becomes continuous with the epithelium of 
anterior without any sharp line of dema.rcatio 
. 
though the cells of the two parts are readily dis- 
tinguished from each other where they intermingle 
) . It is for the most part applied to the 
surface of the pars nervosa which abuts on the cleft 
and to the neck of the gland which connects the pars 
nervosa with the infundibulum, but the extent and dis- 
tribution vary in different animals and in different 
states of physiological activity. In the guinea -pig 
the pars intermedia is well developed and forms a 
thick layer behind the cleft. It is continued as a. 
thin layer almost or quite completely around the pars 
nervosa and shows a marked accumulation at the neck of 
the/ 
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the gland (Fig. 13 ) . In addition, it is prolonged 




rabbit also, the pars intermedia is well -marked 
the cleft. It does not extend so completely 
the pars nervosa as in the guinea-pig, usually 
leaving the posterior aspect uncovered. The accumu- 
lation in the region of the neck is less evident but 
is distinctly present. In this animal the stalk is 
ncovered, but the epithelial investment appears again 
t the base of the brain in relation to the tuber 
C inereum. 
In the adult human subject the pars intermedia 
. 
is poorly developed. It forms a thin layer,c overing 
the pars nervosa where it adjoins the cleft. At the 
pper end of the cleft and around the neck the cells 
re more numerous but never occur in large numbers. 
John Fraser has recently shown that in early life the 
pars intermedia may form ouite a thick layer behind 
the cleft. 
The cells of the pars intermedia are usually 
neutrophil or faintly basophil in their staining 
reactions and form a marked contrast to the bright 
pink eosinophils of the pars anterior. In the rabbit 
and the guinea -pig the cells are polygonal in shape 
and contain numerous fine granules which are faintly 
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are often flattened on the free surface and are tri- 
, 
angular in shape, with an angle projecting into the 
cells behind; and the cells which are in contact with 
the pars nervosa may also resemble in shape the foot 
cells of the testicle. The pars intermedia sometimes 
shows wedge- shaped processes, groups of cells, or 
isolated cells passing into the pars nervosa (Fig. ly- ) 
The significance of these appearances will be referred 
to later . In many animals ,supporting spindle- shaped 
cells,arranged vertically to the surface, are seen 
among the epithelial elements. They are described by 
Lothringer, Gemelli, Trautmann, Herring, and Atwell, 
and are best demonstrated by the Cajal or Golgi metho 
Stendell has suggested that these cells are elements 
which have wandered into' the pars intermedia from the 
pars nervosa. Atwell has observed in the rabbit embryo 
distinct regions of contact, at which the pars nervosa . 
appeared 
/Ito be sending projections into the pars intermedia. 
Obese contacts vary in number from two to five and are 
pparently transitory, being observed most constantly 
in the 16 -day embryos, and never later than the 20th 
of 
day development. It is suggested that this may be the 
eans by which the transfer of cells is accomplished, 
owever, another possibility must be kept in mind, and 
hat is that these appearances may be due to the 
poradic recurrence of a condition common in the lower 
fishes/ 
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fishes, where the interdigitation of the pars nervosa 
with the pars intermedia is very extensive. 
A prominent feature in some animals is the 
presence in the pars intermedia of vesicles containing 
secretion. In the cat and the dog they are particu- 
larly abundant in the region of the neck and contain 
much granular secretion. In the human pituitary col- 
loidal secretion is sometimes found in the pars inter-i 
media. around the neck of the gland, and in certain 
vesicles 
circumstances the /may also be found at a lower level. 
In the rabbit these vesicles are well -marked and con- 
tain colloid substance (Fig. b" ) . They differ in 
their arrangement from thetof the cat and the dog in 
being most abundant behind the cleft - below the level 
of the neck - and are usually larger than the vesicles 
found in these animals. It is an important fact in 
the consideration of the secretory process of the 
posterior lobe that vesicles do not occur in the pars 
intermedia of the guinea -pig. 
Lewis & Maurer have recently subjected the pars 
intermedia to a careful cytological study, making use 
of careful fixation methods followed by the granular 
stains. They find that two kinds of cell occur in 
the pars intermedia: (1) cells related to the colloid- 
containing vesicles and evidently the secretory source) 
of the colloid; (2) the secretory cells which are the ' 
ohara.cteristic/ 
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characteristic elements of the pars intermedia, and 
which are finely granular and basophil or neutrophil. 
1 
The appearance of the cells lining the vesicles in the'. 
rabbit does not support the view of Lewis & Maurer 
that they are the secretory source of the colloid. 
In Fig. !l the lining cells are flattened with darkly 
staining nuclei and present a distinct resemblance to 
those of a thyroid vesicle in the resting state of the 
gland. They never show the appearances of active 
secretion such as are seen in the cells of an active 
thyroid. It seems probable that they are merely con- 
taining cells and that the contents of the vesicle are 
derived from the surrounding granular cells. 
A notable feature which distinguishes the pars 
intermedia from the rest of the epithelial part of the 
pituitary is the absence of blood- vessels. Large 
blood vessels are numerous at the junction of pars 
intermedia and pars nervosa, but capillaries are com- 
pletely absent from the pars intermedia or are very f 
in number. A striking contrast, as pointei out by 
Herring, is thus afforded between the highly vascular 
epithelium of the anterior lobe and the non -vascular 
epithelium which covers the pars nervosa. This 
peculiarity indicates a difference, if not of function, 
at any rate of the mode of absorption of the products 
of the epithelial cells. 
Thaon states that there are no lymphatics in the 
ars / 
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pars intermedia. In some animals, such as the lemur, 
supporting connective tissue is abundant, but in the 
rabbit and the guinea -pig and in many other animals it 
is entirely absent. In the rabbit, however, there is 
a well marked layer of connective tissue immediately 
behind the pars intermedia in which numerous large 
vessels are found. In the guinea -pig this layer is 
scanty or absent. 
The "Pars Tuberalis': This term has been 
applied by Atwell and others to the epithelial layer 
which clothes the infundibulum and the tuber o inereum 
and is prolonged forwards towards the optic chiasma 
(Fig. ) . Tilney describes it as being made up of 
cell masses with occasional small relatively thick - 
walled acini. He states that this portion is dis- 
tinctly more vascular than the pars intermedia and 
that the cells are basophilic with scanty cytoplasm. 
Baumgartner in reptiles, Parker in marsupials, and 
Atwell in the rabbit and the ox, have noted the acinar 
character of the pars tuberalis as one of its most 
striking characteristics. These aoini are spoken of 
by Tilney as being walled by two layers of cells, whip 
Parker & Atwell have noted a. single layer. Atwell 
also emphasises the fact that the pars tuberalis never 
shows a tendency to invade the neural tissue in the 
manner/ 
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manner so characteristic of the pars intermedia, and 
that the ectoderma.l supporting cells sometimes found 
in the pars intermedia have never been described for 
the pars tuberalis. 
The last- named observer describes a special mode 
of development for the pars tuberalis. He states 
that it has a paired origin from two buds, which appea 
early at the ventral end of Rathke' s pouch, near the 
attachment of the epithelial stalk. These, the lateral 
lobes, or tuberai processes (Tilney) are at first some 
distance from the attachment of the neural lobe. As 
development proceeds, however, they acquire a position 
near the brain wall, and, after fusing in front and 
behind the infundibulum, spread out to form a thin 
layer under the floor of the diencephalon and hypo- 
thalamus. The residual lumen never intervenes be- 
tween the pars tuberalis and the anterior lobe proper. 
Only a few attempts have been made to assign a 
distinctive function to this part of the gland. 
Atwell & Marinus believe that the pars tuberalis is 
incapable of producing the effects on uterus, intes- 
tines, and blood- vessels characteristic of the posteri 
complex. Marinus has likewise stated that when fed 
to rats the pars tuberalis does not produce the growth 
effects of the anterior lobe proper 
Herring does not make any distinction between 
this/ 
obe 
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this part of the gland and the pars intermedia. He 
regards the vesicles found in this region as the 
same as those so abundant in the cat, around the neck. 
In the rabbit this part of the gland is very scanty in 
amount; there is no epithelial covering of the infun- 
dibulum, but there is a small accumulation of cells at 
the attachment of the stalk to the tuber cinereum, 
which resemble very closely the cells of the pars inter - 
media. In the guinea -pig the investment of the stalk 
is well -marked, especially on the posterior aspect 
(Fig. 19 ) . The chief difference in this animal be- 
tween the pars tuberalis and the pars intermedia lies 
in its vascularity. Numerous blood -vessels pass free 
ly between the cells (Fig.o2O ) , whereas in the pars 
intermedia behind the cleft vessels are scanty or 
absent. I do not agree with Tilney as to the basophil 
staining of the cells; in the guinea -pig at least,the 
cells are neutrophil and exactly resemble those of the 
pars intermedia proper. Vesicles do not occur in the 
pars tuberalis in this animal. In the actively - 
functioning gland I have found abundant hyaline bodies 
among the cells of the investment of the stalk. These 
are exactly similar to those which are found among the 
cells of the pars intermedia in the active state, 
as will be described later, and appear to demonstrate 
conclusively/ 
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conclusively that the function of the two parts is the'', 
same. There seems to be no sufficient justification 
for making a physiological distinction between the 
pars intermedia proper and this prolongation upwards 
towards the base of the brain. 
The Pars Nervosa: This part is chiefly compose 
of neuroglia fibres and cells. Many of the fibres 
arise from these cells, others from the ependyma cells 
of the infundibular recess. The configuration and 
distribution of the neuroglia-cells and their fibres 
have been depicted by many writers. Many types of 
neuroglial cells are to be found, and these varieties 
relate chiefly to the profusion or otherwise of the 
processes arising from them. In the rabbit the 
fibres present a whorled arrangement, the general trend 
of which is towards the stalk. In the guinea -pig they 
form a looser net -work, the fibres of which also con- 
verge on the stalk. 
Herring was the first to describe the presence, 
in the pars nervosa, of small hyaline bodies, highly 
refractive when unstained (Fig. ,1Z ) . They are scatterL 
ed throughout the nervous substance and stain only 
faintly with eosin. By over -staining with safranin, 
or by staining deeply with acid Fuchs in or congo-red, 
I have found that these bodies show up well. Their 
significance/ 
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significance will be dealt with in considering the 
process of secretion. 
In some animals, notably the cat and the opossum, 
there is a cavity communicating with the third ventri- 
cle and lined with ependyms cells; but in man and 
most mammals this portion of the pituitary is solid. 
The rabbit appears to be unique in possessing an iso- 
late(' cavity in the pars nervosa (i ig.bV ) . It is 
lined with ependyma and undoubtedly represents a per- 
sistence of a. portion of the original cavity of the 
posterior lobe. It occupies the upper third or more 
of the pars nervosa and varies in shape from a slit - 
like to an ovoid space with rounded extremities. It 
is completely out off from the third ventricle, the 
stalk in this animal being solid. It appears to be a 
constant feature - at least in pregnant animals - and 
shows very definite variations as to its shape and con- 
tents in different cenditons of functional activity. 
The only reference to this feature that I have met with 
in the literature is a remark of Herring's, in refer- 
ring to the pituitaries of the ox, pig, and rabbit, 
that "Traces of a central cavity are sometimes found 
in the neck of the posterior lobe': The appearances 
of this space in different states of physiological 
activity are described below. 
The question as to whether the nervous portion 
of/ 
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of the hypophisis contains nerve cells has formed the 
subject of repeated investigations. Both Krause and 
Berkley describe true nerve cells and nerve fibres. 
According to Berkley, the true nerve cells are situ- 
ated chiefly in the lower and anterior part of the 
pars nervosa. This author has divided them into two 
groups - those having one dentrite and those having 
more than one. Ramon y Cajal found cells of an unde- 
fined kind in young rats, together with delicate fibres 
which were certainly nervous and which proceeded from 
nerve cells situated at the base of the brain behind 
the chiasma; these nerve fibres descended through the 
infundibulum, formed a plexus in the pars nervosa, and 
terminated in free branches. Kolliker, Caselli, and 
Herring deny the existence of true nerve cells in the 
pars posterior. They believe that the nervous 
elements consist entirely of .neuroglial and ependymal 
tissues. Gentés discovered a considerable net -work 
of nerve fibres by Golgi' s method, and this finding 
was confirmed by Thaon. With regard to the ependymal 
cells, these are found in the neighbourhood of the 
there 
neck, and scmetimeS /are inclusions in the centre of 
the pars nervosa in those animals in which the central 
cavity has been obliterated in the process of develop- 
ment. 
No evidence has yet been adduced to show that 
the/ 
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the sympathetic nerves leave the blood -vessels in the 
pars nervosa as in the case of the pars anterior. It 
has been suggested, however, that such fibres may 
reach the pars intermedia from the pars anterior. The 
blood -vessels of the pars nervosa are comparatively 
few in number, so that in this respect there is a mark 
ed contrast between the anterior and the posterior 
lobe. 
Specia.l,attention has been directed by Kohn and 
others to a peculiar pigment which has long been known 
to exist in the neuroglial fibres of the pars nervosa. 
The composition a.nd origin of this pigment has not 
been discovered, but, according to Biedl, it has been 
shown to be neither a fat nor a lipochrone. Clunet & 
J onnesc o have also made a careful study of this 
material. They have found that it is possible with 
the naked eye to observe the pigment in unstained 
sections held up to the light; it is chiefly seen in 
the posterior part of the pars nervosa, although it 
may be distributed throughout. The granules are de- 
scribed as being more or less spherical and brownish - 
yellow or greenish in colour. It was found by these 
investigators that neither hydrochloric acid nor acetic 
acid has any effect on the pigment, but that sulphuric 
acid turns it black without dissolving it. It is in- 
soluble in alcohol, xylol, benzene, chloroform, ether, 
and cedar -wood oil. Strong solutions of ammonia and 
of/ 
(32) 
of caustic potash and caustic soda will only affect 
this substance after prolonged contact - that is to 
say, after twenty -four or more hours - when it may be 
completely dissolved. 
The pigment does not give the iron reactions. 
It is not turned brown by osmio acid, nor coloured red 
by Sudan III or Scharlack R.; and it is not stained 
by haematoxylin, haematin, or safranin,,but it is 
changed to an intense black by iron-haematoxylin, and 
blue by Giensa' s stain. It is tinted also by a few 
of the rarer dyes. 
Livon & Peyron lock upon the pigment as a pro- 
duct elaborated by the neuroglial elements from the 
secretion of the glandular portion of the pituitary; 
but whether this is effected by a process of assimi- 
lation or deposition they were unable to discover. 
Fischer considers that this substance is the result of 
degeneration in old age. I have not met with the 
pigment in either the rabbit or the guinea -pig, so that 
it cannot be regarded as an essential element in the 
pars nervosa.. Laboratory animals usually fail to 
attain to old age, so that the absence of the pigment 
in the animals examined may, perhaps, be taken as sup- 
porting Fischer's view that the presence of the pig- 
ment is a senile change. 
THE/ 
(33) 
THE HISTOIiOGICAI EVIDENCES OF SECRE^i OñY ACTIVITY 
In the 
P I T U I T A R Y. 
It is well -known that the pituitary undergoes a 
remarkable enlargement during pregnancy. Erdheim & 
Stumme found that in nulliparous women the maximum 
weight during the reproductive period was 0.75 gramme, 
while in multiparae at the end of pregnancy, the aver- 
age weight was 1.06 gramme. Attention has hitherto 
been mainly directed towards the anterior lobe and 
this part of the gland has been regarded as the seat 
of the principal changes in pregnancy. It becomes 
apparent, however, from the examination of a oonsider- 
able number of pituitaries that the remainder of the 
gland shows very definite evidence of increased 
activity, and it is highly probable that the increase 
in size and weight of the pituitary is in part due to 
these changes and also to the capacity for the storage 
of secretion which the gland possesses to a striking 
degree. 
PARS ANTERIOR. 
The work of Erdheim 8c StuAme aroused great 
interest in connection with the changes whioh take 
place in this part of the gland in pregnancy. These 
authors attributed the enlargement entirely to changes 
in the anterior lobe. They describe , in the human 
female/ 
(4 ) 
female, the appearance in enormous numbers of a new 
kind of cell which they termed "pregnancy cells`: The 
o ells are large chromophobes ; they have large, light, 
irregular nuclei, with abundant plasm which is distinct- 
ly granular. The eosinophil cells are as numerous as 1 
in the quiescent gland but are now largely out -numbered 
by these new pregnancy cells. The basophils also are 
unaffected. Launois & Mulon have described the 
different types of cell met with in pregnancy and ob- 
served that the cells sometimes showed a syncytial 
arrangement. Their observations were made on only 
two pituitaries from human females immediately after 
confinement. They mention the possibility of some of 
the appearances being due to post - mortem changes and do 
kxiot discuss the relative proportions of the different 
types of cell. 
Siguret observed in rabbits a diminution in the 
number of chromophobe cells and an increase in the 
number of eosinophils, the opposite change to that 
described by Erdheim & Stumme. This author also 
found that the change was as marked at the beginning 
as at the end of gestation. It is evident that, 
although all observers agree as to the increase in siz 
of the anterior lobe in pregnancy, opinions are divide 
as to the relative proportions of the different types 
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during pregnancy, both in animals and in women. 
Usually in rabbits he finds an increase in the degree 
of eosinophilia - that is to say, the lightly- staining 
eosinophil cells, which predominate in the pars 
anterior of this animal, stain more deeply. But he 
has also found pronounced chromophohia in this situ- 
ation during pregnancy in the rabbit. In women, he 
states that the chromophobe cells are usually plentifu 
in pregnancy, but this is not always the case. He 
beleives that the essential change in the pars anterior 
of all animals during pregnancy is towards greater 
activity, and this may be represented by increased 
eosinophilia of the eosinophil elements or by chromo- 
phobia. In his opinion the large chromophobes of 
pregnancy are active cells in which the secretion is 
passed into the blood -stream as soon as produced, so 
that there is no time for it to accumulate in the cell 
and give the eosinophil reaction. Blair Bell also 
describes the lobulated or adenomatous arrangement of 
he cells which is commonly seen in pregnancy (Fig. /44 
This lobulated appearance of the cells frequently 
occurs in non -pregnant guinea -pigs and cannot be regard- 
as characteristic of the pregnant condition. 
The conflicting statements as to the condition of 
he cells of the pars anterior during pregnancy are 
robably dependent on two facts - first, that there has 
een/ 
(36) 
been no uniform method of sectioning the gland, and, 
second, that in the human pituitary there is always 
delay between the time of death and the fixation of 
the tissues. With regard to the first source of 
error, there is no doubt that the different type of 
cell vary in amount in different parts of the gland,so 
that, for example, a paramedian section might reveal a' 
relatively larger number of chromophobe cells than a 
median. For purposes of comparison, es Cushing has 
emphatically declared, only median sagittal sections 
should be utilised. The second source of error, in 
the cese of the human subject, can hardly be obviated. 
In the interval between death and fixation of the 
tissue, secretion products, probably more labile than 
in the resting gland, tend to disappearfrom the cell. 
The P ituitaries of the lower animals, in which the 
tissue can be fixed immediately after death, are there4 
fore of greater value in the investigation of this 
question. 
In the animals examined the principal changes in 
pregnancy in the pars anterior of both the rabbit and 
the guinea -pig were an increased eosinophilia and an 
increased vascularity of this part of the gland. The 
increase in the eosinophilia was due, not only to an 
increase in the number of the chromophil cells, but 
also to ar increase in the intensity of staining. There 
Seems/ 
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seems to be little doubt that eosinophilia is the 
characteristic condition in functional activity of this 
part of the gland, although it is possible that too 
much stress has been laid on the staining reactions of 
the secretion granules. It has been pointed out that 
the acid -staining granules stain with iron- ha.ema.toxyli 
just as well as, or even better than, with eosin. In 
pregnant animals, the cells containing abundant gran- 
ules are increased in number whether the stain used is 
iron- haematoxylin or eosin. 
The increased vascularity of the pars anterior 
is a very striking feature, especially towards the end 
of pregnancy, as may be seen from an examination of 
Figs. a24 4'ií . The dilatation of vessels affects not 
only the sinus -like capillaries but also the larger 
vessels. 
With regard to the disposal of the secretion of 
the anterior lobe, there can be little doubt that for 
the most part it is carried away in the blood -- channels 
Thaon and others have drawn attention to the fact that 
granular secretion may actually be seen in the blood - 
sinuses; but it seems certain that the secretion is 
chiefly taken into the blood- stream in infinitesimal 
quantities. 
Storage of Secretion: The anterior lobe is 
large/ 
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large in comparison with the posterior,a.nd permeated 
everywhere by a net -work of vessels, so that a large 
amount of secretion can be rapidly produced and quick -I 
ly passed into the blood -stream. Therefore, storage 
of secretion is hardly necessary to provide for the 
majority of physiological requirements. In the huma 
pituitary it is not uncommon to find the eosinophil 
cells arranged in a tabular or vesicular manner with 
masses of granular, acid- staining secretion in the 
centre. In other cases basophil colloid material is 
seen surrounded by chromophobe cells. Storage of 
secretion is rarely met with in the rabbit or guinea - 
pig. Herring states that it does not occur in the 
pituitary of the rabbit, but I have found vesicles 
occasionally towards the end of pregnancy. Fig./Ss 
shows a vesicle from the .pars anterior of a rabbit 
23 days pregnant. It contains eosinophil colloid su« 
stance and is lined by flattened cells. These vesicl s 
have not been met with in non -pregnant rabbits,and in 
pregnant animals only towards the end of the gestatio 
period. In the guinea -pig two types of vesicle have 
been met with in the pars anterior of pregnant animals. 
Fig.,, shows a type of vesicle which is sometimes 
seen in the upper part of the anterior lobe. It oon 
tains acid -staining colloid material, and resembles 
that seen in the rabbit, except that the cells are 
less/ 
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less flattened. The second type (Pig. j) occurs 
near the lower end of the intra -glandular cleft. It 
contains a little granular material and is lined with 
c iliat el columnar epithelium. It is probable that 
this second form represents a developmental "rest" fro 
the primitive pouch of Ratlike and possesses no physio- 
logical significance. From the pathological aspect 
such inclusions are of considerable importance; 
Erdheim and Cushing have emphasized the fact that they 
may form the source of epithelial growths or cysts. 
In non - pregnant guniea -pigs vesicle formation was only 
met with in one instance. In this animal the vesicle . 
were surrounded by active eosinophil cells and contain 
ed acid -staining secretion (Fig.: ). They presented 
a very distinct resemblance to glandular acini. This 
animal was regarded as being aged, and this supposition 
was borne out by the presence of numerous pigment 
granules in the cells of the thyroid and the supra- 
renal cortex. If this is the case, the formation of 
vesicles supports the opinion of Thaon - that the 
pituitary remains an active organ in old age. 
The Significance of the Staining Reactions of the Cells 
of the Pars Anterior. 
There has been much discussion as to the re- 
lationship of the differently- staining cells of the 
anterior lobe. Some authorities - Gemelli, Scaffidi, 
Erdheim,! 
n 
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Erdheim, Friedman, and others, believe that the chromo 
phils and the chromophobes represent two distinct 
types of cell, while Saánt -Remy, Pirrone, Thaon, 
Guerinni, Launois, Joris, Herring, Blair Bell, and 
others, regard the two forms of staining reactions as 
indicating different stages of activity of the same 
(type of cell. 
In support of the former view, Erdheim has poin 
ed out that the adenoma -like formations found in patho 
logical affections may consist, in some cases,entirely 
of eosinophils, in others, entirely of chromophobes, 
as if the conditions arose from groups of one or other 
type of cell. Cushing, however, has shown that an 
eosinophil adenomatosis or hyperplasia is associated, 
at least in the earlier stages of the disease, with th 
ondition of acromegaly, this being a state of hyper - 
pituitarism, while a chromophobe struma, is invariably 
accompanied by signs of hyperpituitarism. Thus, in 
welve cases in which a chromophobe struma was present 
here were signs of glandular insufficiency in every 
instance. These observations of Cushing lend very 
trong support to the view that the eosinophils are th 
ctive cells, charged with secretion, while the chromo 
hobes are empty or exhausted cells. 
Friedman, who supports the view that the two 
ypes/ 
(41) 
types of cell are different forms, believes that the 
"pregnancy cells" have for their function that of in- 
hibiting uterine contractions and preventing premature 
labour. He points out that in Grave's disease , in 
whioh condition, according to Fiy, the pituitary pre- 
sents a state of chromophobia, miscarriages are very 
frequent when pregnancy does occur. Whereas, in myx- 
oedema, where the gland, according to the same observer, 
shows a condition of chromophobig,premature labour is 
very uncommon. This last observation, however, can- 
not be accepted without reserve. Mc Carris on states 
that miscarriage is frequent in myxoedematous patients. 
In any case, chromophobia in myxo edema can be equally 
well explained by regarding it as a state of hypoactiv- 
ity of the pars anterior, corresponding to that which 
is seen in hdbernating animals , or, as shown by Blair 
Bell, in brooding hens, and corresponding also to the 
state of under -activity of the majority of the vital 
processes in that affection. It is probably to be 
regarded, not as a condition in which there is an in- 
rease of one type of cell, but as a state of under - 
activity of the majority of the cells of the pars 
anterior. 
The observations of Erdheim & Stumme with regard 
o a state of chromophobia during pregnancy in the 
uman/ 
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human subject are generally accepted. It must be re- 
membered, however, that a fallacy exists here owing to 
the delay in the preservation of the specimen; the 
cells which appear chromophobe may have' been originally 
eosinophil. Blair Bell explains the existence of 
these large chromophobe cells by assuming that in con- 
ditions in which there is immediate and urgent demand 
for the secretion of the pars anterior,as in pregnancy, 
the small chromophobe cells, and even some of the y oun 
eosinophils, increase in size but remain chromophobe, 
and yield up their secretion as soon as it is formed. 
In the pregnant animals examined, as mentioned 
above, the striking feature in the appearance of the .. 
ells of the pars anterior has been that of increased 
eosinophilia as compared with those of the pars anteri 
of non- pregnant animals. The chromophil cells are not 
only more numerous but show a greater intensity of 
staining, so that, there is a much more distinct 
differentiation between the two types of cell in preg- 
ant animals. The active state of the gland in the 
wo animals examined is therefore associated with 
osinophilia. This observation strongly supports the 
iew that the chromophils are the active cells of the 
ars anterior, while the chromophobes are cells which 
ave become emptied of secretion, the two forms being 
ssentia.11y/ 
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essentially the same. 
The only appearance supporting the opposite 
opinion is the localisation of groups of the two main 
types of cell to special regions of the anterior lobe. 
The condition in the rabbit is especially striking,in 
which the area in front of the vertical connective 
tissue septum is occupied by chromophobes, almost to 
the complete exclusion of- chromophils (Fig.30 ). This 
arrangement can perhaps be explained by supposing that 
the vascular mechanism in the anterior part of the 
gland facilitates the more rapid escape of secretion 
from the cells,; this part of the gland is certainly 
very vascular in the pregnant animai jY1, 3i) 
Speaking generally, the state of the pars 
anterior in pregnancy in the animals observed- that 
of eosinophilia and increased vascularity - corres- 
ponds to the condition of the thyroid in pregnancy in 
presenting an appearance of a general increase in the 
activity of the secretory processes. 
THE POSTERI©h LOBE. 
In considering the process of secretion in the 
pars intermedia and the pars nervosa, it is necessary 
to examine these two parts together. The relationship 
which they present is extremely intimate, not only 
anatomically/ 
A 
FiG.c31- /O SHOW 7HE EXTENSIVE VHSCULAR;TY OP THE 
CHROMO PHODE ZONE -- To THE LEPT OF THE CONNECT /4(E 
?ISSUE SEPTUM . 
rRON HHCMA!'QXy(.,/N x CONC.() RED h-4-2. - 
(44) 
anatomically but physiologically. Since the dis- 
covery in 1895 .by Oliver & Sch .fer, of the action of 
extract of pituitary on blood pressure, and by Howell, 
in 1898, of the limitation of this action to the pos- 
terior lobe, much progress has been made in the knowl- 
edge of the functions of this part of the gland. There 
seems to be no question but that the hyaline and granu 
lar bodies described by Herring represent the secretio 
of the posterior lobe. This view receives strong 
support from the fact that these bodies are generally 
much more abundant in pregnant than in non- pregnant 
animals. It is generally believed also that they are 
derived from the epithelial cells of the pars inter - 
media; the absence of true secreting cells in the 
structure of the pars nervosa seems to render some 
such hypothesis necessary. The structure of this par 
of the gland presents a marked contrast to the known 
physiological activity of its secretion. 
There is still considerable doubt as to the 
exact origin of the hyaline and granular bodies. 
erring pointed out the resemblance which they present 
to cells which have undergone hyaline degeneration. He 
described also the frequent occurrence of these bodies 
in the neighbourhood of the wedges and groups of pars 
intermedia cells which invade the pars nervosa. He 
concluded that, although the secretion from the pars 
intermedia/ 
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intermedia is sometimes passed from the cells into the 
lymphatics of the pars nervosa, it is frequently de- 
rived from the breaking down and destruction of the 
whole cell. He considers that this is the probable 
fate of the incursions of pars intermedie cells in the 
pars nervosa. Blair Bell regards these hyaline bodie 
as being entirely derived from degenerated pars inter - 
media cells which have wandered into the pars nervosa. 
He says the very fact that some so-- called "hyaline" 
bodies are without nuclei and others contain them in- 
dicates the true nature of these bodies. They are 
cells undergoing degeneration, which may in the pro- 
cess disperse their contents. He states also that it 
is e fact of some importance that one rarely sees many 
of these bodies in normal circumstances, but with this 
observation I do not agree, since they can be demons- 
trated abundantly in pregnant animals. This author 
also describes a marked degree of invasion of the pars 
nervosa. by the cells of the pars intermedia after 
excision of the suprarenals. Herring described the 
presence of many nucleated bodies - as well as an in- 
crease in the amount of hyaline and granular material 
after thyroidectomy. Mott has described similar 
appearances in cases of subthyroidic insanity. 
With this idea of a degenerative process as the 
source of a. physiological secretion it is difficult to 
agree/ 
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agree. The conditions after excision of the thyroid 
and the suprarenals are abnormal and cannot be regard- 
ed as affording a true picture of the normal mode of 
secretion. They are probably the result of an ex- 
aggerated activity on the part of the posterior lobe 
of the pituitary in response to unusual stimuli and 
possibly in the endeavoi to compensate in some way for 
the loss of the endocrine which has been removed. 
Rogowitsch and many subsecuent observers have describe 
the enlargement which the pituitary undergoes after 
thyroidectomy. .
The appearances seen in pregnant animals are of 
value in the endeavour to trace the normal manner of 
production of the secretion of the posterior lobe; 
they represent the conditions which exist in physio- 
logical hyperactivity of this part of the gland. It 
may be mentioned, in the first place, that hyaline 
bodies possessing nuclei have not been encountered in 
either of the two animals examined. Ro example of 
nucleated hyaline bodies was detected either in preg- 
nant or in non -pregnant animals. It is an important 
fact in the consideration of this question that in the 
rabbit the pars intermedia is separated from the pars 
nervosa by a well- developed layer of connective tissue 
It is true that a certain number of the pars intermedi. 
cells are present on the posterior aspect of this 
septum' 
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septum, but these are few in number, and it would 
appear that such a well marked layer of connective 
tissue must act as a barrier, to a considerable extent 
to the migration of the cells from the pars intermedia 
to the pars nervosa. 
The hyaline bodies are readily seen in pregnant 
animals after staining deeply with acid fuchsin,congo 
red, or safranin, provided there has been no delay in 
the fixation of the specimen (Fig.32 ). They are 
found scattered throughout the whole of the pars ner- 
vosa, but are always most abundant in two definite 
regions - immediately behind the thick part of the 
pars intermedia. which bounds the cleft posteriorly and 
in the neighbourhood of the neck of the gland, where 
the pars nervosa becomes continuous with the stalk. 
In some positions they lie in what look like lymph 
spaces lined by endothelium (Fig.33 ) . In the guineah 
pig the hyaline bodies are readily found in the subs- 
tance of the pars intermedia. They lie between the 
cells and can be traced in the various stages of their 
progress from the substance of the pars intermedia 
into the pars nervosa. (Fig.J4 ). They are most abun- 
dant in the guinea -pig in that part of the pars inter - 
media which lies behind the upper part of the cleft, 
but they occur in all parts of the pars intermedia, 
and even, as has been already mentioned, in the "pars 
tuberalis "/ 
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tuberalis': Fig. 3 shows a portion of the pars inter 
media beyond the lower end of the cleft, and Fig. 341 
is a camera lucida drawing of the epithelial invest- 
ment of the posterior aspect of the pars nervosa, with 
hyaline bodies between the cells in both situations. 
They are also met with in relation to the thickening 
of the pars intermedia around the neck of the gland 
(Fig. ,3b') . 
Hyaline bodies are occasionally seen in the 
immediate neighbourhood of the wedges and islets of 
pars intermedia cells which occur in the pars nervosa, 
but they are relatively infrequent and scanty in arnoun 
in, such situations, and their comparatively rare 
occurrence does not suggest that these inclusions form 
an important source of the secretion. It is certainl 
the case that isolated cells apl:ear occasionally to 
undergo degeneration, so that the protoplasm disinte- 
grates and the nuclei stain more faintly and ultimatel 
disappear. The usual result of this process, however 
is that the cell leaves no trace behind, or at least 
nothing resembling the appearance of the hyaline bodie 
Cushing believes that the hyaline bodies are 
largely derived from the colloid vesicles of the pars 
intermedia. He says "the pars intermedia cells are 
capable of forming acini which discharge a semi- fluid, 
soluble product into the spaces of the pars nervosa, 
many 
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many pars intermedia cells actually wandering into the 
tissue spaces': This view is not supported by the 
appearances in the two animals examined. In the guine - 
pig,vesieles do not occur in the pars intermedia and 
therefore, in this animal at least, they cannot be the 
source of the hyaline bodies. As described above, 
these bodies occur freeuently between the cells. In 
the rabbit, although colloid vesicles are abundant in 
the pars intermedia in the later stages of pregnancy, 
secretion globules are not seen in the neighbourhood 
of these vesicles, and the vesicles are usually situ- 
ated well away from the edge of the pars intermedia in 
contact with the pars nervosa, so :that they are not in 
a favourable position for passing on their contents 
into the pars nervosa (Fig.4Z ). In the dog, on which 
animal most of Cushing's work has been done, thevesicles 
are often in direct contact with the pars nervosa, so 
that the possibility that the contents might pass 
directly into the pars nervosa is suggested by this 
relationship. From the appearances in the rabbit, it 
seems probable that the colloid vesicles represent an 
apparatus for the storage of secretion, and that the 
hyaline bodies are derived under normal conditions, 
from the epithelial cells which make up the bulk of 
this part of the gland. 
In both the rabbit and the guinea -pig, as the 
result/ 
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result of the investigation of the posterior lobe in 
pregnant animals, there is little doubt that the hya- 
line secretion bodies, which are abundant in the pars 
nervosa, are derived, under normal circumstances, from 
a process of active secretion on the part of the pars 
intermedia cells. The material then passes on into 
the lymph spaces of the pars nervosa. 
The Destination of the Secretion of the Posterior Lobe 
Herring, in 1908, brought forward the view that 
the hyaline bodies of the pars nervosa pass upwards in 
the infundibulum to the third ventricle and so into 
the cerebra- spinal fluid. If this view is correct 
the posterior lobe may be regarded as possessing an ex 
ternal secretion. Cushing & Goetsch investigated the 
question later and on the main points they agree with 
Herring. They found in the c erebro- spinal fluid an 
active substance resembling pituitrin in its physio- 
logical actions in producing similar effects on blood 
pressure, kidney volume, and urinary secretion. From 
this they concluded that it is proved beyond doubt 
that the active principle of the posterior lobe is 
sassed directly into the third ventricle. 
Although this view as to the fate of the secre- 
tion has been accepted by many authorities, it has 
recently been subjected to severe criticism. Carlson 
Martin object to the observations of Cushing and 
oetsch/ 
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Goetsch regarding the passage of pituitrin directly' 
into the cerebro- spinal fluid. These authors say: 
It is obvious that the conclusions drawn by Cushing 
& Goetsch from their experiments are open to a number 
of grave objections. The cerebro- spinal fluid used 
in most of the experiments was pathological, and was 
concentrated 20 -25 times, and the intravenous injeotionis 
were made into another species. Finally, no control 
experiments were reported on blood or serum from the 
same individual yielding cerebro- spinal fluid`: 
Carlson & Martin found that the haemodynamic action of 
the cerebra- spinal fluid was solely due to the quantity 
injected, as is the case with defibrinated blood or 
Ringer's solution; there is, in fact, no evidence of 
a specific pressor or depressor effect. 
These observers are careful to state, however, 
that their negative results do not prove that the 
cerebra -spinal fluid is free from pituitary secretion; 
but they say that we have as yet no satisfactory test 
for this secretion in the fluids of the body. When 
such tests have been worked out, Carlson & Martin 
think that the distribution of pituitary secretion in 
body- fluids will prove to be similar to that of all 
the other internal secretions so far studied, the con- 
centration being greatest in the blood and least in 
the cerebra-spinal fluid. 
Miller/ 
(52) 
Miller, Lewis, & Matthews found that it was impossible 
! 
to obtain pressor effects from an extract of the stalk, 
and they conclude that "there is, therefore, a distinct 
interruption in the path of secretion of the presser 
substance from the pars nervosa to the ventricle". This 
is oppose. to Herring's view concerning the passage of 
secretion from the pars nervosa to the third ventricle. 
Atwell also disagrees with Herring and feels that to 
accept the view that the secretion of the pars nervosa 
enters the cerebro- spinal fluid to gain the blood- 
stream is to believe an incredibly round -about process 
to which there is no parallel in the animal economy`: 
Blair Bell believes that the secretion of the 
posterior lobe is taken up by the blood -stream and 
that there is no evidence to show that it passes 
directly into the cerebro- spinal fluid. In support 
of this view he calls attention to the morphological 
facts that there is a net -work of bicod- vessels beneath 
the pars intermedia, and that in some animals, such as 
the ox, the pars nervosa has a very rich internal 
blood -supply. He believes that the secretion of the 
posterior lobe is absorbed by way of these vessels. 
Herring, in his most recent work, has failed to 
detect the presence of pituitrin in cerebro- spinal 
fluid removed from the fburth ventricle of the cat. 
e examined 3 series of 6 animals, comprising 3 males 
and 
(531 
and 3 females in each group. The animals were healthy 
adults of as near a weight and age as possible. One 
set of 6 animals was fed with large quantities of fresh 
ox thyroid for from two to three weeks in addition to 
their ordinary diet. In the second set thyro- pa.ra- 
thyroidectomy was performed on each animal. The cats 
of the third group were utilised as normal controls. 
The cerebro- spinal fluid was collected from the fourth 
ventricle of each cat under anaesthesia. It was than 
evaporated and dried at 37 C. The dried cerebro- 
spinal fluid was tested physiologically, by Dale's 
method upon the uterus of the virgin rat, by Elliott's 
method upon the blood pressure of a pithed cat, which 
Herring finds tobe a good method for revealing small 
differences in the strengths of weak solutions of 
pituitrin, and by their action upon the blood -pressure 
kidney volume, and secretion of an anaesthetised cat. 
The extracts from the cerebro- spinal fluid of 
the 3 groups were practically inactive. A slight in- 
crease in the uterine contractions was observed after 
immersion of the uterus in the cerebro- spinal fluid of 
the thyro- parathyroidectomised cats, but was not a 
constant phenomenon. None of the extracts showed any 
effect upon blood -pressure, kidney volume, and urinary 
than 
secretion other/that which is produced by a similar 
amount of Ringer's solution alone. Herring concludes 
that/ 
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that there is no appreciable amount of pituitrin in 
the c erebro- spinal fluid taken from the fourth 
ventricle, whether from normal, thyroid -fed, or thyro 
para:thyroidectomised cats. He points out, however, 
that this does not exclude the possibility that pitui- 
trin is occasionally liberated into the cerebro- spinal 
fluid-in the third ventricle. If such takes place, 
he points out, one would expect rapid absorption to 
occur, and the probablity is against the material 
reaching the fourth ventricle. 
In support of Herring's original hypothesis - 
that the secretion of the' posterior lobe passes direct, 
ly into the cerebra- spinal fluid of the third ventricle 
- attention may be directed first to the fact that any 
;mechanical interference with the stalk of the pituitary 
is followed by symptoms of hypopituitarism. Cushing 
has shown that infundibular tumours are always associ 
Ì;ated with signs of glandular insufficiency, though the 
value of this observation is perhaps diminished by the 
fact that tumours in the region of the stalk are liable 
to cause compression of the gland itself and so to 
interfere with its function. Marienesco & Goldstein 
were the first to draw attention tc the fact that 
hydrocephalus may be associated with evidences of 
hypopituitarism, and this observation has been confirm- 
ed by Cushing, Babonneux & Poisseau, and other workers. 
The 
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The stasis of the cerebro- spinal fluid and the increase 
in the intra- ventricular tension are believed to inter- 
fere with the free escape of posterior lobe secretion.' 
Blair Bell has obtained-very definite results 
after compression or severence of the stalk. After 
this operation in the dog there has occurred a remark- 
able increase in weight from deposit of subcutaneous 
fat, one animal increasing in weight from 3000 to 5050 
grammes in 51 days. Atrophy of the genital organs 
may also occur after this procedure, but this result 
is not invariable. It is generally believed that the 
a.utecoid which is concerned in carbohydrate metabolism 
is derived from the posterior lobe, and the experiment 
mentioned appear to afford striking evidence in favour 
of the belief that the secretion from this part of the 
Island passes upwards by way of the stalk to the third 
ventricle. Blair Bell, however, explains the result 
of interference with the stalk as due to damage to the 
lood- vessels supplying the pituitary. He appears to 
ave over -looked the fact that the artery supplying the 
osterior lobe enters on the postero- superior aspect 
nd - in the guinea -pig and the rabbit at least - this 
essel enters below the level of the diaphragma sellae 
nd would not necessarily be injured in operations on 
the stalk. 
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this connection. He has been able to discover, after 
intravenous injections of extracts of the duodenal 
mucous membrane, definite evidences of pituitrin in 
cerebro- spinal fluid removed from the fourth ventricle 
He found that apart fron such stimulation of the l 
pituitary the amount of pituitrin in the cerebro- 
spinal- fluid was very minute. 
The appearances seen in the pregnant animals ex- 
amined have furnished evidence which is strongly in 
favour of Herring's view with regard to the fate of 
the posterior lobe secretion. It has been mentioned 
that in both rabbit and guinea -pig the hyaline bodies 
are generally most abundant in the region of the neck, 
where the infundibulum joins the pars nervosa. The 
neuroglia fibres of the pars nervosa are arranged so 
that their general trend is towards the neck and it is 
difficult, from this grouping of the hyaline bodies, 
to avoid the conclusion that they have ascended in the 
lymph spaces between the fibres to this region. In 
the guinea -pig these bodies are seen in greatest number 
in the immediate neighbourhood of the infundibular 
recess of the ventricle (Fig.3¡&-), and it is possible 
in some cases to see a hyaline body actually in the 
process of passing through the ependyma lining the 
ventricular cavity . (c7,tt. 37) 
The appearances in the rabbit seem to be con- 
clusive. The hyaline bodies can be traced upwards 
throughput/ 
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throughout the whole length of the stalk (Fig.390,-) . 
In this animal the stalk possesses no epithelial in- 
vestment, so that the hyaline bodies in this region 
can only have come from below -- from the pars narvose..' 
The secretion bodies are much !Lore nnuercus in the 
stalk than in the pars nervosa generally , which shows 
that the local accumulation in this region must be due 
to migration from elsewhere. The stalk in this anima 
is of considerable length, and from the abundance of 
these bodies throughout the whole extent there can be 
little doubt that this arrangement represents no 
accidental diffusion of the hyaline bodies, but an 
orderly progression from the pars nervosa to the third 
ventricle above. The most vascular part of the pars 
nervosa. in both the rabbit and the guinea -pig lies 
some little distance below the level of the neck and, 
if the hyaline bodies are mainly absorbed into the 
blood- stream - as Blair Bell & Atwell believe - we 
should expect very few of these bodies to pass beyond 
this vascular area. 
From a consideration of these various facts, and 
especially the marked accumulation of hyaline bodies 
around the infundibular recess of the ventricle in the 
guinea -pig and from the aggregation of the bodies 
throughout the whole length of the stalk in the rabbit 
it seems impossible to avoid the conclusion that, in 
the/ 
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the functionally active state of the gland in preg- 
nancy, they are progressing, towards and into the 
cerebro- spinal fluid of the third ventricle. The 
absence cf pituitrin from the cerebro- spinal fluid of 
the fourth ventricle, demonstrated by Herring, may pert- 
haps be explained by absorption from the vessels of the 
ohoroid plexus of the third, and possibly of the laterl 
ventricles. The circulation of cerebro- spinal fluid 
throughout the ventricular system, as the work of 
Dandy has shown, is normally a slow process, and there 
must be abundant opportunity for the absorption of 
pituitrin from the cerebro- spinal fluid during the 
time which it takes to diffuse from the higher ven- 
tricles to the lower. 
The Physiological Relationship of Pars Intermedia and 
Pars Nervosa. 
Extracts of the whole posterior lobe of the 
pituitary produce their most marked effects in the 
form of stimulation of plain muscle generally and cf 
the secretion of the mammary gland and the kidney. 
The effect on plain muscle is most striking in the case 
of the vascular system, producing a great rise of blood 
pressure with constriction of vessels and increase in 
the force of the heart beats. There is a marked 
action also on the plain muscle of the uterus, the 
bladder/ 
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bladder, the stomach, and the intestine, The effect 
on the mammary gland causes milk which has accumulated 
in the gland to be immediately poured out, and a 
sufficient dose will produce complete emptying of the 
alveoli. It has been shown by Schafer that this 
action also is probably due to stimulation of plain 
muscle fibres which lie between the basement membrane 
and the secreting cells. The action on the kidney 
shows a striking difference from the effects produced 
elsewhere. The renal vessels undergo dilatation in- 
stead of constriction, as in the other parts of the 
body, and the secretion of urine is increased. It has 
been proved by Sch .fer and Herring that the increase 
in secretion is not merely the result of the dilatation 
of vessels; they showed that diuresis occtiirred even 
when the arteries in the kidneys failed to dilate, 
and when the general vasoconstriction was absent after 
repeated does of extract. They concluded that there 
must be direct stimulation of the secretory cells of 
the kidney by the autacoid concerned, and compare the 
action on the kidney cells to that of the secretion of 
the duodenum on the cells on the pancreas. 
Various attempts have been made to differentiate 
between the physiological properties of the secretion 
in the pars intermedia and the pars nervosa. Osborne 
and 
(60) 
and Swale Vincent found that by careful dissection 
they could separate the central portion of the posterior 
lobe from the epithelial investment, and that whereas 
an extract of the former gave the typical effects of 
pituitrin, an extract from the epithelial portion gave 
much less definite results. These authors showed 
also that extracts of other nervous tissues do not 
possess the same physiological activity as an extract 
of the posterior lobe. 
Herring has shown that both pars intermedia and 
ars nervosa of the ox pituitary contain an active 
rinciple which stimulates uterine muscle, but extract 
f the two parts are not equally active. The pars 
lervosa is from two to five times more powerful than 
he pars intermedia in its action. Herring also found 
hat an extract of pars intermedia in strengths of 0.5 
er cent and less has no specific action on the blood 
ressure or renal excretion; whereas an extract of the 
ars nervosa in so low a strength as 0.005 per cent 
roduces the characteristic pressor and diuretic effectb. 
xtracts of pars nervosa alone produce the characterist 
ffects of posterior lobe extracts on blood pressure 
nd kidney secretion, as well as on milk secretion and 
he plain muscle of the uterus. He believes that 
hese facts are suggestive of there being two separate 
ctivve/ 
(61) 
aotive prinoiples in the posterior lobe. From the 
differences in the action of extracts of pars inter - 
media and pars nervosa he concludes that the active 
material of the posterior lobe is a product of the 
epithelial cells of the pars intermedia and that the 
substance acting on the uterus is formed at an early 
stage 'in the cells of the pars intermedia, whereas the 
substance acting upon blood pressure and the kidney is 
a later product, the secretion from the pars inter- 
media undergoing some kind of alteration in character 
in the substance of the pars nervosa. His view is 
that a process of ripening or maturation of the secre- 
tion takes place as it passes through the pars nervosa . 
and then becomes capable of producing 
on blood pressure and kidney secretion. 
The histological appearances in the pregnant 
animals do not throw much light on this question . The 
hyaline or colloid material which is seen between the 
cells of the pars intermedia shows no difference in 
appearance or staining reactions from those of the 
hyaline bodies seen in the substance of the pars ner- 
vosa and in the stalk. Dale believes that it is not 
necessary to postulate the existence of two active 
substances in posterior lobe extracts; from a.com- 
parison with the action of drugs he believes that the 
same/ 
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same active substance may produce a double result. It 
may be that the active substance in the pars intermedi 
is merely a weak and immature stage of the posterior 
lobe secretion. 
The contents of the vesicles of the pars inter - 
media do not appear to represent the active material 
of the - posterior lobe; it seems more probable that 
they form a means of storage of the secretion in an in 
active state. Cushing and Goetsch tested the con- 
tents of these vesicles with negative results,though 
"Lewis, Miller, and Matthews, finding two cysts in the 
pars intermedia. in 1200 ox pituitaries examined, ascer 
tamed that they contained a pressor substance. As 
already mentioned, vesicles do not occur in the pars 
intermedia of the guinea -pig and are therefore not 
essential to the production of the secretion of the 
posterior lobe. 
Cellular Changes In The Pars Intermedia. 
An interesting observation has recently been 
made by John araser in connection with the pars inter - 
media in children. Limiting himself to that part of 
the pars intermedia which forms the posterior boundary 
of the cleft, he distinguishes between an "active" and 
a "resting" stage of the gland. In the adult human 
pituitary this part forms a very thin layer. In the 
child 
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child, } ?raaser describes two types of pars intermedia:- 
(1) There is a, single layer of cubical epithelium 
which lies in contact with the cleft; deeper, there 
is a thin layer of fibrillar tissue carrying blood - 
vessels, and among the fibrillar tissue there may be 
groups of cubical cells similar to those which lie on 
the surface. 
(2) The space may be occupied by a zone of rounded, 
finely granular cells: the zone may be ten or twelve 
cells in depth, the numbers varying considerably in 
different ports. There is no trace of a distinct 
limiting band of cubical epithelium, such as exists in 
type (1). 
3e regards the first condition as representing 
the active stage and the second as the resting stage 
of the pars intermedia. He finds that the second con- 
dition is synchronous with a. marked eosinophilia of 
the pars anterior, and suggests that the active con- 
dition of the pituitary in children is related to the 
periods of active growth of bone, especially to the 
piphyseal changes which result in growth in length of 
he bone. 
Other observations with regard to cellular 
otivity in the pars intermedia. - apart from formation 
f secretion - appear to be very scanty. In the 
ituitary after thyroideotomy, Herring finds that the 
ells 
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cells of the pars intermedie are distributed as usual, 
but are somewhat increased in amount and stain more 
deeply. 
In pregnant animals there is not the striking 
difference in this respect from the non -pregnant as 
that described by Fraser between the active and rest- 
ing stages of the pituitary in children, but in preg- 
nancy certain definite signs of increased activity can 
made out. In both the rabbit and the guinea -pig the 
pars intermedia forms a. well -marke i layer behind the 
cleft in the non -pregnant as well as in the pregnant 
state, but, as a general rule, this portion tends to 
be distinctly thicker in pregnancy. The difference 
is most evident towards the lower end of the cleft 
(Fig.4af4í). The cells are larger in pregnancy, they 
stain more readily, and are distinctly more granular. 
These appearances are indicative of increased activity 
and correspond to the condition of the rest of the 
gland. 
Storage of Secretion in the Posterior Lobe. 
The severe and sustained muscular effort of par- 
turition_ and the establishment of active secretion of 
milk immediately afterwards must bring about a sudden 
and clamorous demand for an increased supply of 
pituitary secretion, especially for that of the 
posterior/ 
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posterior lobe. The thyroid is provided against 
such a sudden demand on its activities by the power of 
storage of secretion which it possesses to a remark- 
able degree. It is natural to look for a similar 
storage function on the part of the pituitary. 
Attention may be directed, in the first instance 
to the colloid- containing vesicles which are sometimes 
a well -marked feature of the pars intermedia. The 
colloid substance is regarded by Benda, Gemelli, and 
others as a product of degeneration. Erdheim con- 
siders it to be rudimentary and reminiscent of a time 
when the organ possessed an external function. By 
many authors, particularly those of the French school, 
the colloid substance is believed .to be the product of 
normal secretion. 
The appeaarance of these vesicles is seen in 
Figs. 4 . 43 . They are lined by flattened cells 
with darkly-staining nuclei. These cells resemble 
those which line the thyroid vesicles in the resting 
state of the gland. In certain circumstances the 
resemblance of this part of the pituitary to thyroid 
tissue is sometimes remarkably close, and attempts 
have been made to show that the pituitary may function 
vicariously for the thyroid after removal, or in 
diseased conditions of,the latter. hogowitsch stated 
that in rabbits and other animals which can survive 
the/ 
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the operation of thyroidectomy the functions of the 
thyroid are maintained by increased activity on the 
part of the pituitary. Other observers - Gley, 
pisenti & Viola, and Schöneman, have found changes in 
the pituitary consequent on removal or disease of the 
thyroid. Fry reports that in myxoedema colloid for - 
matiori is very marked in the pars intermedia and the 
material is contained in large dilated alveoli. 
Kojima states that after partial thyrcidectomy in the 
dog - about two- thirds of the gland was removed by 
Sir Edward Schafer, the parathyroids being left undis- 
turbed - the pars intermedia contains many vesicles of 
variable size, but mostly larger than those normally 
found. 
It therefore seems to be established that in 
cases of thyroid insufficiency there is an increase in 
the amount of colloid in this part of the gland. That 
this is an attempt to compensate for the absence or 
diminution of thyroid secretion is unlikely. Simpson 
& Hunter report that complete removal of the thyroid 
in lambs does not lead to the appearance cf iodine 
the pituitary. Kendall has shown that iodine is an 
essential element in the thyroid secretion, so that 
the observation of Simpson ,& Hunter disproves the 
theory that the pituitary may act vicariously for the 
thyroid 
(67) 
thyroid . In thyroid insuffic ienoy , as shown by 
Plummer,and others, there is a remarkable diminution 
in the basal metabolic rate, with a falling -off in the 
amount of energy production in the body. There must 
be a corresponding falling -off in the demand for 
pituitary secretion, and the vesicle formation in the 
pars intermedia is probably to be regarded as the 
result of accumulation and storage of secretion conse- 
quent on the diminished demand. 
Vesicle formation in the pars intermedia is a 
striking feature in certain other circumstances. In 
a specimen recently exhibited by Sir iiarold Stiles, 
the pituitary from a, case of hydrocephalus associated 
with well- marked clinical evidences of hypopituitarism 
showed o remarkable degree of vesicle formation in 
this situation. In hydrocephalus there seems to be 
little doubt that the increased tension it the ven- 
tricular system interferes with the discharge of 
secretion from the posterior lobe; the accumulation of 
colloid in the pars intermedia in this condition is 
probably due to the hindrance to its escape into the 
third ventricle. The secretion is held up in the pars 
intermedia and stored in the form of colloid 
Mention has already been made of the fact that 
Cushing & Goetsoh failed tc obtain any physiological 
action 
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action from the contents of the vesicles, though Lewis 
Diller, and Iviatthews believed that they obtained a 
pressor effect. 
In the pregnant animals examined. vesicle for- 
mation in the pars intermedia was found only in the 
rabbit; they do not occur in the pars intermedia of 
the guinea -pig. Vesicles are alsomet with in non- 
pregnant rabbits, but are relatively infrequent; 
in a sagittal section it is unusual to see more than a 
single vesicle. In pregnant animals, on the other 
hand, vesicles are frequently met with in great abun- 
dance.. This is especially the case towards the end 
of pregnancy (Fig. 1{.3 ) . They are most abundant in 
the region beyond the lateral margin of the cleft, but 
occur also throughout the whole of the pars intermedia 
behind the cleft. The increase in the vesicles durin 
pregnancy indicates that the colloid 'material which. 
they contain possesses an important physiological 
significance; it is not the result of a degenerative 
process nor is it merely a developmental remnant, as 
has been suggested by the authors quoted above. It 
seems reasonable to conclude from the appearances in 
regnant animals that the vesicles of the pars inter - 
edict represent a mechanism for the storage of posterio 
obe secretion - possibly in an immature form - agains 
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the sudden and severe demands in pregnancy and during 
the puerperium. The failure of Cushing & Goetsch to 
obtain any physiological action from the contents is. 
perhaps, to be explained by assuming that the secretion 
is stored in an inactive condition. 
The demands on the pituitary of the rabbit - in 
view of the numerous offspring of this animal - must 
be especially great, and the rabbit apj ears to be pro- 
vided with a second apparatus for the storage of 
posterior lobe secretion. Mention has already been 
made of the cavity which has been found in the pars 
nervosa of the pregnant animals. Herring expressed 
the view that the hyaline bodies of the posterior lobe 
appear to be stored, especially around the capillaries 
of the lobe. In the guinea -pig there is usually a 
well- marked accumulation of hyaline bodies in the stai 
around the infundibular recess of the ventricle, arid 
this may represent such a method of storage as is sug- 
gested by Herring. No other suggestion appears to 
have been made with regard to a storage of secretion 
in this part of the gland; so far as I am aware, the 
avity in the pars nervosa of the rabbit has nct been 
reviously described. 
This cavity shows a very definite lining of epen_- 
dyrna and almost certainly represents a portion of the 
rigina.1/ 
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original lumen of that part of the cerebral vesicle 
from which the pars nervosa is derived. It presents 
interesting varieties in its ap.earance during the 
course of pregnancy. It attains to its maximum 
development towards the end of the gestation period 
(rig. 46) ) . At this time it is an ovoid space occupy- 
ing the upper third or so of the pars nervosa. The 
walls appear tense and the cavity seems distended. It 
approaches very close to the surface of the posterior 
aspect of the pars nervosa.. The contents at this 
stage of pregnancy consist, in part at least, of a 
coarse granular substance which stains darkly with 
iron- haema.toxylin. It appears to contain a consider- 
able quantity of unstained fluid material in addition. 
In the earlier stages of pregnancy there is less 
evidence of tension in the cavity; the walls are more 
flattened and are more closely approximated. Hyaline 
bodies are numerous in the pars nervosa around, e.nd it 
is possible to trace the passage of these bodies into 
the cavity in the same manner as they pass into the 
infundibular recess of the third ventricle. rigs .47 
+4s, show hyaline bodies cn the seventh day of preg 
nency it the immediate neighbourhood cf the cavity and 
in the process of passing through the lining ependyma. 
The appearance of the space a week after par- 
turition 
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parturition - seen in Pig. O - is especially sug- 
gestive. The walls of the cavity are relaxed and 
thrown into folds, and are in much closer apposition 
than at the end of pregnancy. The cavity does not 
approach so closely to the surface of the pars nervosa; 
in part at least, it is separated by a well -marked 
layer of neuroglia. The contents stain much less dis- 
t inc tly in this specimen. The appearance of the spac 
at this time suggests a state of diminished tension as 
the result of the removal of a considerable proportion 
of the contents. 
It is justifiable to conclude from these appear- 
ances that this cavity in the rabbit's pituitary 
represents an apparatus for the storage of the secre- 
tion of the posterior lobe, represented by the hyaline 
bodies. This stored secretion is utlised for the 
supply of posterior lobe secretion in response to the 
increased demands of parturition and the puerperium. 
The Intraglandular Cleft. 
The intraglandular cleft has been usually regards 
ed as being mainly of developmental interest as the 
persistence of the original lumen of Rathke's pouch. 
Recent observations have shown, however, that it may 
be of physiological as well as of embryological im- 
portance. The mere fact that the cavity persists 
and 
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and does not undergo obliteration suggests that it may 
possess a functional significance. In the guinea - 
pig it remains as a well- marked space separating the 
pars intermedia from the pars anterior, except towards 
the lateral aspect and in the region of the neck of 
the gland. In the rabbit, although it undergoes 
partial obliteration, there are always one or more 
definite cavities containing colloid material in the 
line of the original cleft. 
Herring finds that in the ox the cleft is usual- 
ly empty, but oob a.s ionally contains a thin fluid of a 
yellowish colour; at other times a viscous or hard, 
transparent yellow, solid material is present, the 
latter being moulded into the shape of the distended 
cleft. He finds that the contents of the cleft pro- 
duce little or no effect on blood pressure - at most 
a slight fall. He agrees with Hamburger that the 
solid contents of the cleft, when present, are often 
insoluble, The soluble material was not tried upon 
the uterus, so that he cannot state whether it stimu- 
lates uterine muscle or not. 
Blair Bell states that colloidal material is 
sometimes seen in the cleft in the human pituitary 
most freçuently in the female during and just after 
pregnancy and in old age in both sexes. The obser- 
vation/ 
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observation that the material is most abundant during 
pregnancy suggests that it is a physiological secre- 
tion and not a developmental remnant or a product of 
degeneration. The second observation supports the 
view apparently correct - that the activity of the 
pituitary is well maintained in old age. 
Fraser has described very remarkable variations 
in the condition" of the cleft in young children. He 
finds that in the resting stage of the pituitary it 
may exist as a practically empty slit, while during 
the active phase it may undergo a distension so great 
as to occupy a third,or even more, of the gland. He 
finds that the state, as regards distension, is close- 
ly related to the condition of the pars intermedia; 
when the pars intermedia is in an active state the 
cleft is distended with content, while a pars inter - 
media in the resting state is accompanied by a slit - 
like or empty space. He believes that the contents 
are mainly derived from the pars intermedia, but has 
also found a certain amount of eosinophilic secretion 
in the form of rounded globular -like bodies, which he 
believes to be derived from the pars anterior. He 
regards the cleft in children as the reservoir of the 
pituitary secretion. In his specimens, the pituitary 
was cut in situ, the bone having been previously de- 
olcified 
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decalcified, and there can be no doubt as to .the re- 
markable distension of the cleft in some cases. The 
patients died from a great variety of causes, none of 
which had any direct bearing on the condition of the 
cleft, so that he does not regard the state of this 
cavity as being dependent on pathological conditions. 
In the animals examined the cleft never attains 
to the degree of distension described by Fraser, but 
they afforded definite evidence in support of his view 
that the cleft is a means of providing, to a certain 
extent, for the storage of secretion. In the guinea- 
pig, it is usually almost or quite empty in the non- 
pregnant animal, but in pregnancy it is common to find 
a little colloid secretion in the space. It is 
difficult in this animal to express a definite opinion 
as to the state of the distension of the cleft, since 
the boundary at the lower end is very thin and apt to 
give way a little in the handling of the specimen. 
Fig. 53 shows the pituitary of a non -pregnant animal, 
and Fig. 3'°4.. that of a pregnant; in the second case 
the cleft appears distinctly distended. The cells 
which limit the cleft in front are often cuboidal in 
appearance in pregnancy, but this condition of the 
cells is soometimes seen in non -pregnant animals also. 
The area covered by ciliated columnar epithelium, 
described/ 
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described previously lining about the lower third of 
the cleft in front, appears to be more extensive in 
pregnant than in non -pregnant guinea -pigs. 
In the rabbit, colloidal material is present iñ 
the cavities which represent the cleft in non -pregnant 
as well as in pregnant animals, but it is common to 
observe a more distended appearance of the cavities in 
the pregnant state, (Fig. ) . The lining of these 
spaces consists of ciliated columnar epithelium in 
both the pregnant and the non -pregnant condition. 
The Significance of the Signs of Activity in 
Pregnancy. 
It has been shown that in pregnant animals the 
pituitary shows signs of increased activity in all 
parts - in the posterior lobe as well as in the 
anterior. In the anterior lobe the evidences are 
well -marked and consist of a condition of increased 
vascularity and of eosinophilia as regards the stain- 
ing reaction of the cells. This condition agrees 
with the appearances in acromega.ly, which disease is 
believed to be due to an excess in the secretion from 
this part of the gland. It is generally accepted 
that the anterior lobe is intimately concerned in the 
development of the skeletal, sexual, and other struc- 
tures 
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structures in the growing animal and also with the 
maintenance of these in a normal state of activity in 
the adult subject. These beliefs are the result, to 
a large extent, of the observation of the effects of 
artificial hypopituitarism, demonstrated by Cushing, 
Biedl, and other workers. They have shown that after 
partial removal of the anterior lobe in young animals, 
!these animals fail to grow properly; the epiphyses do 
not ankylose, the sexual organs fail to develop, and 
the milk teeth and lanngo are retained. 
Feeding experiments also provide strong evidence 
in support of this view of the functions of the an- 
Iterior lobe. Among the most conclusive of these are 
the experiments reported recently by Uhlenhuth of the 
hockefeller Institute. He has shown that when anterior 
globe is fed to metamorphosed salamanders of the type 
Amblystoma tigrinum, there is a well - marked increase 
in the rate of growth and the size, the animals becom- 
ing larger than those fed on other substances. If 
the animals are given anterior lobe, they grow at a 
higher rate than those which are given earthworms. 
Moreover, they attain a size far in excess of that 
reached by worm -fed or liver -fed animals and surpass 
the largest known normal animal of the species. The 
largest hypophysis -fed animal was 19iß heavier than the 
largest/ 
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largest liver -fed animal, 25 than the largest known 
normal animal, and 376A, than the largest worm -fed 
animal. Liver- feeding causes a rate of growth higher 
than that resulting from an earth -worm diet and equal 
to that produced by anterior -lobe feeding. But the 
liver -fed animals stop growing at a size at which 
anterior -lobe fed animals of the same age continue to 
grow vigorously. Liver -fed animals may grow larger 
than worm -fed animals and may exceed the size of the 
largest known animal of the species by as much as 
47iß, but they do not reach the size of the hypophysis- 
fed animals. 
Brailsford Robertson has recently succeeded in 
isolating from the anterior lobe a substance which he 
has called tethelin, which accelerates growth in young 
animals and is thought to have a possible value in 
hastening the healing process in wounds. The effects 
on growth of mice are in every particular like those 
of the adminstration of anterior lobe, and consist in 
retardation of the first portion of the third growth 
cycle - that occurring about six weeks after birth - 
followed by acceleration of the latter portion of this 
cycle. 
The relationship of the anterior lobe to the 
activities of the reproductive system was strikingly 
illustrated by the experiments of Clerk. He fed 
pituitary/ 
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pituitary xitmittcyx gland to laying hens. By giving 
to one-year-old hens,. in addition to their usual food, 
20 milligrams of fresh pituitary substance for four 
days, it was found that the average daily number of 
eggs laid by a batch of 655 hens was raised from 273 
during the four days preceding the pituitary feeding 
to 352 during the four days of the adminstration, 
these results being obtained at a time of year when 
the natural egg -production of the hen was diminishing. 
It was found, also, that the fertility of the eggs was 
greatly enhanced. 
The enlargement and.increased activity of the 
anterior lobe in pregnancy is probably in part the 
result of the increased activity of the reproductive 
apparatus. It is reasonable to suppose that it is due 
in part also to the presence of the growing foetuses 
and to the supply to these from the maternal blood of 
IÍthe 
autacoid responsible for the proper development of 
bone and other tissues. In the earlier stages of 
ievelopment, at least, the foetal endocrines can take 
Little part in the production of the essential autacoi 
In the anencephalic foetus, in which the pituitary is 
completely absent, the formation and ossification of 
the long bones, as Browne has recently shown, are en- 
tirely normal. The autacoid in this case can only 
have/ 
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have come from the maternal blood. 
The posterior lobe also presents well- marked 
signs of increased activity in pregnancy. It has 
been shown, in addition, that there are good grounds 
for believing that this part of the gland possesses 
the power of storing secretion and that this secretion 
is utilised especially in connection with the stimu- 
lation of uterine muscle during parturition and of 
milk secretion during the puerperium. 
It has been proved by the workers previously 
mentioned that the secretion of the posterior lobe is 
concerned in the stimulation of plain muscle, of 
urinary secretion, and of milk secretion. It is be- 
lieved, also, that it is intimately concerned with 
carbohydrate metabolism. After intravenous or subcu- 
taneous injection cf posterior lobe extract, a marked 
lowering in the tolerance for sugar is observed, 
usually to such an extent that glycosuria becomes 
established. Cushing and his pupils have concluded 
that the posterior lobe contributes an autacoid which 
stimulates the utilisation of sugar in the body. In 
cases of pituitary disease associated with other signs 
of hypopituitarism, it is usual to find an increased 
sugar tolerance. Confirmatory evidence for this view 
is furnished by the observation that mechanical stimu- 
lation_ of the posterior lobe, such as is produced by 
puncturing/ 
(80) 
puncturing it with a needle, is followed by a temporary 
glycosuria, which is said to be as pronounced as that 
following puncture of the diabetic centre, provided 
glycogen is present in the liver. The production of 
this carbohydrate a.utac o id would appear to be under the 
control of the sympathetic nervous system, for it has 
been found by Cushing, and others, that stimulation of 
the superior cervical ganglion, which has been known 
for many years to be frequently followed by glycosuria 
has this effect only provided the posterior lobe of 
the pituitary is intact. Even surgical manipulation 
of the pituitary may excite a hypersecretion of pitui- 
trin , which would account for the gly oc osuria often 
observed after experimental excision or partial de- 
struction of the pituitary. A. similar irritation may 
be set up in disease of the gland. 
The increased activity of the posterior lobe in 
pregnancy may be partly due to increased production of 
the autacoid which stimulates carbohydrate metabolism 
as well as to the other causes already mentioned. 
COTdCLUSIOTvS. 
1. The pituitary of the guinea. -pig and that of 
the rabbit illustrate the two common types of mammal- 
ian pituitary. 
2. In both animals there are well -marked signs 
of/ 
(81) 
of increased functional activity in pregnancy. The 
activity is apparent in the posterior lobs as well as 
in the anterior. 
3. In the anterior lobe the signs of increased 
activity are mainly in the form of eosinophilia of 
the cells and a marked increase in the vascularity . 
In the rabbit there is an area of chromophobe cells 
constantly present in the anterior region of the pars 
anterior, partly separated by a connective tissue 
septum from the remainder. The chromophobe condition 
of the cells in this region is probably to be explain- 
ed by its extreme vascularity, the secretion escaping 
into the blood- vessels without accumulating in the 
cells so as to give the eosinophil reaction. 
There is occasionally evidence of storage of secre- 
tion in the pars anterior of pregnant animals. 
4. There are no sufficient grounds for consider- 
ing that the epithelial investment of the stalk and 
its prolongation towards the base of the brain. differ 
physiologically from the rest of the pars intermedia. 
Hyaline bodies can sometimes be seen between its cells 
It differs from the rest of the pars intermedia in 
being very vascular.. 
5. The posterior lobe, consisting of pars inter - 
media. and pars nervosa, shows well marked signs of in- 
creased/ 
(82) 
increased activity in pregnant animals. The hyaline 
bodies which it contains are increased in pregnancy. 
These appear to be mainly derived by a process of 
active secretion from the cells of the pars inter- 
nedia. Isolated pars intermedia cells Cr groups of 
cells in the pars nervosa play little or no part it 
their production. 
6. The appearances in pregnant animals afford 
strong evidence in favour of the belief that the hya- 
line bodies pass up the stalk into the cerebro- spinal 
fluid of the third ventricle. The appearance of the 
stalk in the pregnant rabbit is especially convincing 
on this point. 
7. The colloid vesicles of the -pars intermedia 
are increased in pregnancy in the rabbit; they do 
not occur in the guinea -pig. They probably represent 
an apparatus for storing the secretion of the pars 
intermedia. 
8. The rabbit appears to be unique in possessing 
an isolated cavity in the pars nervosa. This is 
lined with ependyrma and probably acts as a reservoir 
for the storage of posterior lobe secretion. 
9. The intra- glandular cleft contains a greater 
amount of secretion ir. pregnant than in non -pregnant 




10. The appearances of the pituitary in the ac- 
tive state are in accordance with the belief that 
acromegaly is sometimes associated with an exc'ess 
of the pituitary secretion. Eosinophilia of the 
cells of the anterior lobe is characteristic of both 
conditions. They support the belief also that inter- 
ference with the escape of secretion into the cerebro 
spinal fluid results in a state of hypopituitarism. 
FG . 5 (s. l HE P;NEAL BODY OF THE R/ßì7. 
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THE PINEAL BODY. 
Although the function of the pineal is still in 
doubt, evidence is accumulating to show that it is 
possessed of an internal secretory function. 
Morphology. 
In man, the pineal body is a small, conical, red 
dish grey body which lies in the depression between 
the superior corpora quadrigemina. It is placed be- 
neath the splenium of the corpus callosum, but is 
separated from this by the tela chorioidea- or velum 
interpositum of the third ventricle, the lower layer 
of which envelopes it. It is described as measuring 
about 8 m.m. in length, and its base, directed for- 
wards, is attached by a stalk of white substance. The 
stalk divides anteriorly into two laminae, a. dorsal 
and a ventral, separated from one another by the 
pineal recess of the third ventricle. 
In the rabbit and the guinea -pig the pineal 
occupies a. similar position to that in man. In the 
rabbit it is ovoid in shape and somewhat flattened 
from above downwards (Fig. . i . . The stalk in this 
animal is long .and its inferior lamina is commonly 
folded on itself in a slightly convoluted manner. 
In/ 
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In the guinea -pig, the pineal is decidedly conical 
) , tapering off rapidly towards the tip, 
The stalk in this animal is short and is hollowed 
out by the presence of the pineal recess of the 
third ventricle. In both animals the pineal is 
very closely related to the pia mater, and if this 
membrane is removed the pineal is certain to be torn 
away. Large blood-spaces are always- present in 
close relationship to the gland. 
Development. 
The pineal body arises as a bilateral evagin- 
ation of the roof plate immediately in front of the 
mid -brain; in vertebrates, only the left portion per-} 
sists,a.nd it becomes solid, with the exception of its 
proximal part,which forms the recessus pinealis. The 
pineal body consists essentially of (a) a distal part 
representing a rudimentary eye, and (b) a proximal 
part which is glandular in nature; only this latter 
portion is represented in man. In lizards it is 
elongated into a stalk, and its peripheral extremity 
is expanded into a vesicle, in which a rudimentary 
lens/ 
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lens and retina are formed; the stalk becomes solid 
and nerve -fibres make their appearance in it, so that 
in these animals the pineal body forms a rudimentary 
eye. 
Histological Anat omy . 
The appearance of the pineal varies with the 
stage of functional activity of the gland. At birth 
the human pineal consists of irregular lobes held to- 
gether by a small quantity of connective tissue. The 
lobes are oomposed of cells arranged irregularly and 
croweded together in the interior of the organ (Fig.. 
, 
According to the careful investigations of Krabbe, 
the pineal parenchyma consists of cells of three main 
varieties, namely, (1) pineal cells, (2) glía cells, 
and (3) nerve cells. The pineal cells form the bulk 
of the parenchyma, and are of rounded shape,with 
irregular nuclei poor in chromatin; at birth they 
exactly resemble the neuroblasts of a foetal brain. 
The cell- protoplasm stains only faintly. The glia- 
cells are relatively few in number, and give rise to 
a net -work of glia fibres. The nerve dells have 
scanty protoplasm and angular nuclei rich in chroma- 
tin; from the first year of life onward, they de- 
velop increasing numbers of out -running nerve -fibres 
with knobbed endings, and appear to have no connection 
with/ 
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with the symiathetic fibres that accompany the blood- 
vessels. Connective tissue cells and fibrils appear 
in the pineal body during the first year of life, and 
habitually increase in cuantity year by year,converting 
it into a pseudo -alveolar organ by the age of six or 
'eight; the rate at which this fibrosis takes place is 
very variable. There is a connective tissue capsule 
which is apparently free from unstriped muscular fibres 
in man. Calcareous concretions may be found in the 
pineal body at any age,and are constant after the 
seventeenth year,occurring mainly in the parenchyma 
and representing debris of the pineal cells. Spaces 
or cysts also occur normally in the pineal body and rmg 
be either included portions of the embryonic pineal re- 
cess of the third ventricle and lined with ependyma,or 
due to degeneration of parts of the pineal parenchyma. 
Biedl points out that even in extreme old age,glandu- 
lar cells are encountered which are intact and,a.ppa.r- 
ently, still functionally active. 
In a specimen obtained from a middle -aged man, . 
who died as the result of an accident, pineal cells 
were found to be abundantly present (Fig. 60 ) . The 
specimen showed a large amount of interstitial tissue 
which was arranged in places so as to present a follic 
ula.r -like appearance. In the substance of the thicker 
bands of interstitial tissue there were occasional 
particles of "brain -sand`: These did not invariably 
consist/ 
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consist of calcareous nateriä.l as is usually stated, 
but frequently presented a. hyaline appearance. The 
persistence of apparently active epithelial cells in 
adult life way be of considerable significance from 
the functional point of view. 
Ccsantini describes the presence of definite 
granules in the protoplasm of the pineal cells and 
concludes from these that the pineal must be possesses 
of an internal secretion. Ga.lesescu & Urechia also 
emphasise the importance cf the granules, which are 
oxyphil it their staining reactions, and they also 
conclude that the granules are indicative of a secre- 
tory function. 
In the rabbit the histological appearances re- 
semble very closely those in the human subject. The 
pineal cells have large nuclei with scanty chromatin 
and a small amount of faintly staining protoplasm. 
In some cases fine oxyphil granules are distinctly 
evident. The cells towards the surface may show a 
follicle -like arrangement. In the guinea. -pig the 
appearances are similar, except that the nuclei tend 
to be larger and contain still less chromatin. In 
u 
both animals the degree of fibrosis isn r much less 
than in the human subject; the gland remains highly 
cellular and presents the appearance of an actively 
functioning structure (Fig. 401 ) . 
Evidences/ 
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Evidences of Secretory Activity. 
The evidence with regard to the nature of the 
function of the pineal body is most conflicting. The 
gland is commonly believed to possess a relationship 
to the developr -ent of the sex organs and also to body 
growth. Some authorities believe also - largely as 
the result of clinical observations - that it is re- 
lated to the metabolism of carbohydrates (Barker). 
Lyon has suggested, as the result of experiments in 
which he directly stimulated the pineal, that it is 
concerned in the regulation of the flow of cerebro- 
spinal fluid from the third ventricle, and Krabbe is 
of the opinion that it remains an active organ 
throughout life and that its activities are dependent 
upon variations in the pressure of the cerebro-spinal 
fluid. 
Park. makes the statement that "it seems probable 
that a mass of experimental literature will develop 
about the pineal body like that which has sprung up 
around the thymus and the spleen. It can now be said 
that the experimental work on the pineal up to the 
present time has failed to prove that it possesses a 
function 
The results of injecting extracts of pineal are 
not impressive. Fenger, after a careful study of 
the 
(90) 
the physiological properties, came to the conclusion 
that the gland is essentially inactive. Schäfer, 
however, reports that intravenous injection produces 
.a marked but temporary fall of blood- pressure accom- 
panied by a diminution in volume of the kidney. The 
latter effect he considers to be passive, since there 
is no change in the rate of the flow of urine. 
Feeding experiments have produced varying results 
Sisson & Finney, and also Hoskins, who employed the 
albino rat in their investigations, came to the con- 
clusion that pineal feeding produces no effect on 
growth or sexual development. McCord, however,after 
administering pineal by feeding and by subcutaneous 
injection, believes that it contains some substance 
which is capable of stimulating growth. 
Tumours of the pineal are believed to be accom- 
panied, in some cases at least, by characteristic 
symptoms. Marburg reported in a young girl, the sub- 
ject of a pineal tumour, the occurrence of extreme 
obesity. Ogle, Gutzeit, Oestrick- Slawyk, and Frankl- 
Hochwart have reported characteristic symptoms in 
pineal teratornata in young boys. In addition to 
symptoms of cerebral tumour and disease of the corpora 
quadrigemina, these authors observed abnormal Erowth 
in height, abnormal growth of hair, premature develop- 
ment of the genital organs and of sexual instinct, 
and/ 
(91) 
and mental precocity. These symptoms were associ- 
ated with a diminution of pineal tissue. From these 
observations the organ is believed to exercise a 
definite and apparently inhibitory influence upon the 
development of the sexual glands and probably to pro- 
duce .a. secondary effect on mental development. 
Sir John Bland -Sutton, on the other hand, is 
very sceptical with regard to the effects of pineal 
tumours. He points out that the total number of 
recorded oases is very small and that, except for the 
fact that the tumours lie upon the c orpors quadri - 
gemine, there is nothing to indicate defini.tel71 that 
many of them were tumeurs of this body. He believes 
that the majority of the tumeurs in this region are 
developed from the membranes and that if these are 
carefully excluded, tumours arising from the pineal 
body are exceedingly rare. He considers that effects 
on the sexual organs - and possibly adiposity - may 
be due to secondary effects on the pituitary, which 
result from hydrocephalus produced by pressure on the 
acqueductus cerebri. The increased pressure in the 
cerebro- spinal fluid of the third ventricle is be- 
lieved to interfere with the escape of pituitary 
secretion. 
Timme believes that eariz' involution of the 
pineal 
(9) 
pineal it the human subject is associated with pre- 
mature development of the gonads and with muscular 
asthenia. He states that the condition of the pineal 
car be estimated by the shadow which it gives on X -ray 
examination. 
Extirpation of the pineal has been followed by 
varying results. It has been definitely established 
that the organ is not essential to life. Dandy,whcse 
experimental work is generally excellent, found that 
removal produced no effect on body growth or sexual 
development. Horrax, on the other hand, employing 
the same technique, concluded that both growth and 
sexual development were accelerated after extirpation 
of the pineal. The work of Fol in this direction has 
been followed by interesting results. After removal 
of the pineal in chickens he came to the following con- 
clusions: 
1. Complete extirpation in the earlier months of 
life gives rise to a retardation of development during 
the first two or three months after operation; after- 
wards the development of the body becomes normal. 
2. In cockerels there occurred an earlier develop 
ment of both primary and secondary sexual characters 
in the operated than in the control animals. 
3. In cocks examined eight to eleven months after 
operation/ 
(93) 
operation there is ma.rke q hypertroohy cf comb and 
testes. 
4. There are no corresponding changes in pullets. 
The work of Foá has been confirmed by Sarteschi. 
This observer found that in young rabbits and dogs,tbe 
male animals, after extirpation of the pineal, showed 
hypertrophy of the testes, bodily overgrowth, and 
sexual precocity. 
In a recent report of further work, Foa states 
that removal of the pineal produces no effect on fe- 
male chickens or female rats. In male rats the same 
results ensue as in cockerels, namely, rapid increase 
in bodily weight and in the size of the testes. He 
found advanced development both óf spermatozoa and th 
interstitial tissue of the testes in both rats and 
oockerels. The premature increase of the intersti- 
tial tissue corresponds to the precocity of the 
secondary sexual characters - the growth of the comb 
in the cock and the increase in body weight of the rat. 
In the animals examined the pineal presented the 
appearance cf an actively functioning organ, both in 
the pregnant and the non -pregnant animals. In some 
cases there was a zone of interstitial tissue in one 
part of the gland, but in most cases the greater por- 
tion was occupied by well -developed epithelial cells. 
In/ 
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In the rabbit and the guinea -pig the organ does not 
undergo the degree of fibrosis which is seen in the 
human subject. Fig. sr shows the pineal of a preg- 
nant rabbit. There is a patch of interstitial tissue 
towards the superior aspect, but the remainder of the 
gland.00nsists of epithelial cells with a small amount 
of supporting stroma. 
The fact that the organ remains active in preg- 
nancy does not support the belief that in the adult 
animal it exercises an inhibitors effect on the repro- 
ductive apparatus. Certain observers, indeed, have 
reported that feeding with pineal has a stimulating 
effect on the growth of the sexual organs - exactly 
the opposite to that which one would expect from a 
oonsideration of the extirpation experiments of Foci 
and others and from the reported effects of tumours. 
The persistence of the organ in an active cellu- 
lar condition in both pregnant and non -pregnant anima 
suggests that it is possessed in the adult animal of 
some additional function besides the regulation of 
sexual development, a function as yet unrecognised, 
and apparently of more importance in these animals 
than in man. I have not been able to recognise any 
essential difference in structure between the pineal_ 




1. In the adult rabbit and guinea -pig the pineal 
body persists as an active epithelial organ. 
2. The persistence in adult animals and the 
active state of the gland in pregnancy point to the 
existence of some other function than that of inhib- 
ition of the activity of the genital organs. 
(96) 
THE THYROID. 
The thyroid apparatus includes the parathyroids 
as well as the thyroid, but it is more convenient here 
to consider the two parts separately. The thyroid 
will be considered first. 
Morphology. 
The comparative anatomical studies of Mrs. 
Thompson and of Marine Lenhart have shown that the 
gland presents indentical features in all mammals. In 
the rabbit and the guinea -pig the structure resembles 
closely that of man. The gland consists of two later 
al lobes lying on the side of the larynx and the tra- 
chea., connected, as a rule, by a slender isthmus. In 
the rabbit the isthmus is always present; in the 
guinea -pig it is occasionally absent. The guinea -pig 
appears to be almost unique as regards the large size 
of its thyroid. There is a correspondence in this 
respect to the state of the suprarenals in this animal 
The more minute details of structure are readily ex- 
amined, and the guinea -pig forms a very suitable sub- 
ject for the investigation of structural changes in 
the thyroid. 
The blood -supply of the thyroid is remarkably 
abundant; in proportion to its size it receives more 
than/ 
(97) 
than t= aì; five times as much blood as the kidneys. 
The vessels form a rich anastomosis on the surface, 
their smaller branches penetrating with the connective 
tissue framework between its lobules. Each follicle 
is surrounded by a close net -work of sinus -like capil- 
laries with which the vascular epithelium is in direct 
contact. The veins are correspondingly large and 
numerous, intercommunicating freely. 
The lymphatics of the thyroid are very abundant. 
'Lymph spaces lie outside the peri- vesicular capillarie 
These drain into interlobular vessels which ultimately 
open into a large plexus on the surface of the gland. 
The lymph drains from this in the human subject by two 
sets of vessels, an upper, which accompanies the 
superior thyroid artery and enters the superior deep 
cervical lymph glands, and a lower, which runs partly 
to the pretracheal lymph glands and partly to the small 
paratracheal lymph ,glands which accompany the recurren. 
nerves. 
The nerve -supply is derived from the superior 
and inferior laryngeal branches of the vagus and from 
the superior cervical ganglion of the sympathetic. 
Fibres are distributed to the secreting epithelium as 
well as to the muscle cells of the vessels. The sec- 
reting fibres reach the cells from the cervical sympa- 
thetic/ 
(98) 
sympathetic, so that the secretion of the gland is di- 
rectly under the control of the sympathetic impulses. 
Cannon states that as the result of experimental stimu- 
lation the secretion issues as promptly as in five to 
seven seconds. 
Development. 
The thyroid develops from an evagination of the 
floor of the pharynx between the first and second 
branchial arches. In an embryo of 10 m.m. there is a 
edian duct - the ductus thyreoglossus - which opens 
on the tongue at a spot which corresponds to the fora- 
en caecum of the adult. At the lower end of the 
duct there is a well -marked lateral expansion on each 
ide, and at this stage the whole structure consists 
f a bilateral epithelium vesicle connected by a slen- 
der hollow pedicle with the surface of the tongue. In 
amphioxus and others of the lower animals, the connec- 
tion of the duct with the alimentary tube is retained, 
but in man it is obliterated by about the eighth week 
of foetal life. 
The bilateral expansions branch and re- branch, 
ultimately forming groups of small epithelial masses 
in which little closed epithelial lined cavities are 
formed; these constitute the vesicles or secretory 
units of the organ. These vesicles are formed by the 
breaking/ 
(99) 
breaking down of the central cells of a given epithe- 
lial mass to form the colloid -content of the cavity, 
the peripheral cells of the mass forming the vesicular 
lining. 
As in the case of the anterior lobe of the pitui, 
tart', cysts or tumours may be derived from persistence 
of a portion of the primitive duct - thyroid tumours 
of the posterior part of the tongue, thyroglossal 
cysts, and median fistula of the neck are the commoner 
pathological sequelae. Occasionally a few of the 
developing cell masses become detached from the main 
rudiment and these may give rise to an accessory thy- 
roid; such a structure may be found in any part of the 
area lying between the root of the tòngue and the 
aorta. An accessory thyroid in the lower part of this 
area may give rise to a retro- sternal goitre. 
ilention may also be made, in connection with the 
development of the thyroid, of the ultimobranchial 
body. This structure is believed to be derived, in 
the human subject, from the fifth branchial pouch. 
According to Howden, it is enveloped by the lateral 
prolongations of the median thyroid rudiment; it does 
not, however, form true ,thyroid tissue and no trace of 
it can be found in the human adult. Mrs. F.D. Thompson 
described the post- branchial body in elasmobranchs, 
urodela, frogs, reptiles, and birds. In birds this 
is/ 
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is a most complicated structure / of three parts - the 
first composed of compact epithelial cords, the second 
of spherical vesicles lined with cubical epithelium 
which may be ciliated, and the third of true. para- 
thyroid tissue and thymus. Dr.. Madge Robertson, in 
investigating the material used by Noël Paton and 
Findlay in their investigation on Tetania pa.rathyreo- 
priva, discovered a structure closely corresponding in 
character with this post -branchial body. It was found 
in the thyroid of dogs and cats as a structure, cyst - 
like in some of its forms, and duct -like in others. 
According to Dr. Robertson, the space has its origin 
in the breaking down of epithelial cells of a type 
quite distinct from those of the parathyroid and thy- 
roid and easily recognisable in the midst of either of 
these. The epithelial cells are larger than those of 
the thyroid or parathyroid, they stain as a rule more 
faintly, and they are sometimes peculiarly clear and 
almost refractile in appearance. The cavity contains 
a large amount of homogeneous necrotic material, obvi- 
ously derived from broken down epithelial cells, and 
differing, as a rule, in its staining properties from 
the colloid of the thyroid vesicles. When haemalum 
and eosin are used this material usually takes a dark 
bluish black colour. 
r similar body to that described by Dr Robertson 
was/ 
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was found in the thyroid of the rabbit and in the 
para.- thyroid of the guinea -pig. In the rabbit (Fig6 
there is a cystic cavity, lined partly with cubical 
and partly with flattened cells, in the substance of 
the thyroid, not far from an internal parathyroid. 
The contents consist of granular necrotic-looking 
material. In the guinea -pig (Fig.64 ) the cavity in 
the parathyroid was lined with ciliated columnar epi- 
thelium and contained a substance resembling that seen 
in the rabbit. 
morphological studies have shown that the thyroi 
apparatus,from the earliest stage - of its evolution- 
ary history, has been an essential part of the diges- 
tive tract, and so intimately related with the genital 
organs as at one time to have formed an integral part 
of them. 
Histological Anatomy. 
The thyroid gland is surrounded by a thin capsule 
of connective tissue from which processes run into the 
interior of the organ, subdividing it into smaller and 
smaller lobules. The ultimate lobules are irregularly 
circular or oval on section and have a diameter of .5 
to 1 m.m. It has been shown conclusively that the 
glandular substance is composed of closed vesicles, 
which are separated fron one another by a very fine 
and 
(102) 
and highly vascular fibro- elastic covering and a vari- 
able amount of intervesicuiar cellular tissue. Most o 
the vesicles are more or less rounded, but may be lon 
ovoid, or polyhedral. They vary much in shape and 
size, being small in the glands of the newly -born and 
young., while in the adult they are smaller towards the 
periphery. In the adult, their size varies from 45 
to 300, Each vesicle is surrounded by a very abun- 
dant net -work of capillaries. 
The capsule of the organ and the connective tis 
sue stroma are made up of bundles of white fibres with 
numerous elastic fibres. The connective tissue 
comes into direct contact with the epithelium lining 
the vesicles; hagendorff & Schmid have shown that 
there is no basement membrane, the vesicle being en- 
closed by very fine bundles of connective tissue 
fibres, outside of which is the endothelium of the 
lymph spaces. 
The epithelial cells lining the vesicles vary in 
height from low cuboida.l to columnar, according to the 
state of secretory activity of the gland. When ex- 
amined in normal saline, the cells of the thyroid in 
both man and animals show a number of granules of 
varying sizes. They are chiefly aggregated in the 
free end of the cells next to the lumen of the fallicl- 
they/ 
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they are highly refractive and show a characteristic 
greenish tinge. They are believed to consist of fat 
in combination with oleic acid. Lagendorff, in osmic 
acid preparations stained by the Ehrlich Biondi method, 
endeavoured to distinguish beteen principal cells and 
colloid cells, the former being unstained, while the 
latter appear red with green nuclei. Subsequent ob- 
servers have failed to support this distinction. 
According to V. Ebner, these do not represent two dis- 
tinct varieties of element; McCarrison states that 
the appearances merely represent different stages of 
the cell' s activity. 
The cell protoplasm shows a retiform structure, 
with frequent longitudianl striation. The nuclei ar- 
spherical and show a very fine chromatin net-work. 
Lying between the vesicles and filling up the spaces 
left by the approximation of the more or less rounded 
vesicles is the intervesicular parenchyma. The cells 
in this situation bear a close resemblance to those 
which line the vesicles (Fig. f / ) . The intervesicu- 
lar tissue is more abundant in the young and develop- 
ing. thyroid; with advancing age the gland becomes 
less cellular and more vesicular. The amount also 
varies with the state of functional activity of the 
gland, as will be shown later. Vincent has directed 
attention to the resemblance between the intervesicu- 
lar cells and those of the parathyroid. He believes 
that 
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that this tissue is in all essential respects of the 
same nature as that forming the parathyroids. This 
view received support from the work of Mrs. Thompson, 
but the point has not yet been definitely settled and. 
will be referred to later, after the changes of func- 
tional activity have been considered. 
The intervesicular tissue may, in addition to 
its parenchyma cells, contain portions of tii mus tis- 
sue or of parathyroid tissue. Many small cells may 
be found scattered through it or arranged in masses. 
Some of these are lymphocytes, others, found in more 
compact masses, are the "foetal rests" from which 
"foetal adenomata" are said to arise. 
The contents of the vesicles consist of the so- 
called colloid material, Morphologically, this is a 
colloidal substance, though chemically it is not. It 
varies in consistence and is insoluble in water, alco- 
hol, ether, and diluted acids. It stains with acid 
aniline dyes and most readily with eosin. In prepar- 
ations which are fixed with those agents which coagu- 
late proteins without change of form, such as osmic 
acid mixtures, the colloid is found to fill the vesi- 
cles completely (Fig. L 5' ) . It lies in close contact 
with the follicular epithelium and, as a rule, has a 
perfectly homogeneous aspect in the resting gland. The 
outstanding,/ 
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outstanding characteristic feature of the colloid 
material is that it contains iodine, which exists in 
combination with a non -protein nitrogenous base, and 
it is usually called iodothyrin. E. C. Kendall has 
recently succeeded in isolating a pure crystalline 
substance of perfectly constant .compositior_.and con- 
taining over 60 per cent of iodine. He has named 
this substance "thyro- oxy- indol" or "thyroxin" for 
every -day reference. It has been identified as an 
indol compound and has been made synthetically. 
Kendall believes this substance to be the active con- 
stituent of the thyroid and to be associated with the 
metabolism of amino acids. 
The Histological Evidences of Secretory Activity. 
The examination of a number of thyroids demons- 
trates the fact that different specimens show consider 
able variation as to their minute anatomy. Some spec i- 
mens show well -marked signs of secretory activity, 
while in others these signs are almost or entirely 
absent. Chalmers Watson has shown that it is possible 
by variations in the diet to produce in rats all trans- 
itions from an active or hyperactive organ with highly 
developed columnar epithelium and irregular large vesi- 
cles, and without any great accumulation of colloid,to 
a gland with flattened epithelium and vesicles greatly 
distended/ 
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distended with colloid. In order to come to a con- 
clusion as to what features constitute what may be 
called the "normal" signs of functional activity, it 
is essential that the animals examined should be under 
the same conditions as to feeding, general health, and 
invironment generally. The same remarks which have 
been made in the case of the pituitary as to the un- 
suitability of human material apply to the thyroid. 
The thyroid responds very quickly to toxic conditions, 
the effects being exhibited in varying degrees of hyp® 
plasia, hypertrophy, and cell destruction, so that 
specimens from patients who have died from such causes 
are of no value in attempting to obtain a picture of 
the normal signs of secretory activity. Even in the 
ase of healthy subjects who have died from injury, de 
enerative changes are apt to take place in the cells 
wing to delay in fixation. 
The animals examined were in good health and 
nder the same conditions as to feeding and general 
surroundings. As in the case of the pituitary, the 
thyroid shows well -marked signs of activity in the 
pregnant state. The enlargement of the thyroid in 
pregnancy is a well -known clinical fact. Ripmann 
recently found,in the Queen Charlotte Hospital in 
London, that about 50 per cent of pregnant women 
showed 
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showed slight thyroid enlargement which had originated 
during pregnancy. Prirnaparae showed such swellings 
to a. surprising extent. The gland is most likely to 
enlarge during the fifth and sixth months of pregnancy. 
Von Graff found that of 633 pregnant women who had no 
swelling prior to pregnancy, 49 per cent presented 
thyroid enlargement. The thyroid of the healthy preg- 
nant animal therefore provides good material for the 
investigation of the gland in the active state. On 
comparing the thyroids of pregnant and non -pregnant 
animals, it is possible to distinguish between an 
"active" and a "resting" stage of the gland. 
Appearances in the Resting Phase. In non- pregnant 
animals the vesicles of the thyroid are usually dis- 
tended with a granular or perfectly homogeneous col- 
loid. This substance lies closely applied to the lin- 
ing epithelium unless a fixative has has been used 
which causes shrinkage in addition to coagulation.In 
this event indentures at the edge of the colloid are 
to be seen. It shows few, if any, vacuoles. It 
stains freely with all basic dyes, and, as a rule, uni- 
formly; occasionally, however, a denser area may be 
seen towards' the centre. The cells which line the 
vesicles are markedly flattened (Fig. 4 ) . The proto- 
lasm stains uniformly and the granules are few in 
umber 
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number . The nucleus is placed either at the centre 
or at the base and map almost fill the flattened cells 
The nuclei tend to be smaller in the resting phase. 
They are spherical cr oval in shape, according to the 
degree of flattening of the cell. The vessels and 
capillaries of the organ are not distended. 
In this stage the colloid has become thick owing 
to its gradual admixture with the elements of cellular 
disintegration, when iodine has been fixed by the col 
loid and the consistency of this substance has been 
altered by the salts of the body tissues. 
Appearances in the Active Phase. In pregnant animals 
the thyroid usually shows well -marked evidences of 
secretory activity. The epithelium lining the vesicle 
becomes heightened. It is commonly of a cuboidal or 
low columnar appearance (Fig. 1( ) , but in some cases 
may even be tall columnar. The protoplasm shows 
abundant granules. The granules appear to be dis- 
charged as a. thin secretion into the vesicle or direct 
ly into the lymph spaces. After the escape of secre- 
tion the protoplasm may appear pale and vacuolated. 
The nucleus is centrally placed and does not fill the 
cell. It is distinctly larger than in the resting 
state. The edge of the epithelium towards the acina.r 
cavity is usually uniform, but in some cases it becomes 
ragged/ 
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ragged and irregular, merging into the colloid subs- 
tance. The colloid becomes vacuola.ted i as 
the clear fresh secretion accumulates in the vesicle, 
and gradually becomes absorbed. The absorption is 
more rapid at the periphery of the colloid mass, so 
that a crenated appearance may result . There is no 
inorease in the stroma, but the blood -vessels and the 
capillaries are distinctly dilated. The changes in 
the intervesicular tissue will be discussed later. 
Cowdry has recently made an interesting obser- 
vation on the behaviour of the reticular material in 
secretory activity in the thyroid of the guinea -pig. 
He finds that the reticular material (i. e. , úolgi 
apparatus, canalicular apparatus, etc.) is not in- 
variably found between the nuclei and the follicular 
lumen, as is generally supposed; but in some cases 
undergoes an active migration to the opposite pole of 
the cell, which, together with other evidence at hand 
indicates the existence, in his opinion, of a reversal 
in physiological polarity whereby the secretion is ab- 
sorbed directly, instead of being first stored within 
the follicles. 
In the active state the clear fresh secretion 
readily finds its way into the lymph spaces, though 
the manner in which it is transmitted is not quite 
certain. i ïürthle believes that the secretion passes 
out/ 
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out by way of the intercellular passages, while 
Lewandowski is of opinion that the process is osmotic. 
In any case, there is no doubt that the secretion 
enters the lymphatic vessels. .pparently, , it is only 
the thin fresh secretion that makes its way into the 
lymphatics, the store of colloid substance being used 
up by a process of solution and absorption. Towa ±ds 
the end of the active phase the secretion. from the 
vesicular cells begins to accummula.te in the vesicles, 
where it becomes intermingled with portions of disinte1 
grated cells and increases in viscosity in consequence 
probably, of chemical change. This change is well 
seen in the thyroid of the rabbit killed one week afte 
Iarturition. Rounded globules of fresh secretion can 
e seen in the midst of the denser colloid towards the 
epithelial lining of the vesicle (Fig./ ) . Thè newly 
armed colloid substance then becomes impregnated with 
odine in organic combination. Thus the gland returns 
e the resting phase until a fresh demand is made for 
large supply of iodine -containing secretion. In the 
thyroids of healthy animals the process stops short of 
total expenditure of the stored -up colloid, so that 
frequently small masses of this material are left be- 
hind in the vesicle around which the new colloid is 
deposited. 
Pvlc Carrison/ 
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LJoCarrison regards the colloid as a substance design- 
ed to contain an emergency reserve of iodine, a re- 
serve which is not ordinarily- called upon in the daily 
routine of the body demands. The thyroid cells 
elaborate the specific hormone for the daily needs, 
probably from substances supplied to them in the 
blood rithout calling upon this reserve. The reserve 
store of iodine is only called upon under certain 
conditions, excessive sympathetic excitation, as in 
rage or fright, pregnancy, and so on. distinction 
is to be drawn between the "thyroid secretion" and 
the "colloid "; the latter term ought to be restricted 
to the reserve store of the iodine -containing material 
it is necessaey to realise that the stored -up colloid 
is no measure of the state of the activity of the 
gland at the time of its examination. This activity 
hyperplasia 
is indicated by the degree of parenchyma /and by the 
amount of "secretion" lying between the cells and in 
the lymph spaces. 
The secretory activity of the thyroid is very 
closely under the control of nerve impulses, the 
secretory fibres being derived from the cervical sym- 
pathetic. Cannon has shown that when the l,hrenic 
nerve is joined to the peripheral portion of the cer- 
vical sympathetic in the cat, and the thyroid is thus 
continuously/ 
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o ontinuously stimulated as the animal breathes ,this 
operation results in tachycardia, increased excita- 
bility,.loose motions, exophthalmos on the operated 
side, great increase in the metabolism, and in some 
cases an increase in size of the adrenals. The 
superior and inferior laryngeal nerves seem to be con- 
cerned with trophio impulses; Exner found that after 
resection of these two nerves the amount of iodine in 
the gland remains unchanged, and Katzenstein reports 
the occurrence of histological degeneration after this 
procedure. 
The Relationship between the Histological Appearances 
in the Healthy Active Gland and those of Pathological 
Affections associated with Toxic Symptoms. 
It is becoming customary,especially in America, 
to subdivide cases of goitre into two main groups -the 
"Simple" and the "toxic': In the latter group there 
occur symptoms resembling those of hyperthyroidism, 
while in the former group these are absent and the 
harmful effects of the thyroid enlargement are almost 
entirely local. Greenfield, in 1893, was the first 
to describe the pathological findings in exophthalmic 
goitre and to ascribe the clinical symptoms to a stat 
of hypersecretion of the thyroid. It has been shown 
chiefly owing to the work of Plummer, that the group 
ofi 
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of toxic goitres includes not only cases of exoph- 
thalmio goitre but also a second group consisting of 
cases of adenomata with toxic symptoms. Plummer has 
shown that cases of toxic adenoma constitutes about 
one fifth of the cases formerly included under the 
heading of exophathalmic goitre. The characteristic 
features of toxic adenomata. are that, although in this 
condition there is a general resemblance to the symp- 
toms of exophthalmic goitre, exophthalmos is absent, 
the symptoms generally are milder, they appear later 
in life, and supervene on a thyroid enlargement which 
has existed for ten or twenty years. 
L. B. Wilson has recently made the following 
statement from a study of 1208 thyroids removed from 
patients of the Mayo Clinic, diagnosed clinically as 
having exophthalmic goitre, and of 2356 thyroids re- 
moved from patients diagnosed clinically as having 
simple goitre:- 
"(a) The pathology of the t ,:lyroid in true exoph- 
thalmic goitre is essentially a primary parenchymatous 
hypertrophy and hyperplasie., that is, an increased 
amount of functioning parenchyma associated with in- 
creased absorption . The process is an acute one. 
simple 
(b) The pathology of non-toxic/goitre is marked 
essentially by atrophic parenchyma, decreased function, 
and 
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and decreased absorption. The process is a chronic 
one. It is parallel in stages of development and 
regression with similar stages of development and 
regression of symptoms. 
(c) The pathology cf the thyroid in toxic non- 
exophthalmic goitre in cases most resembling ordinary 
exophthalmic goitre is probably one of increased 
parenchyma though regenerative processes in atrophic 
parenchyma, or the formation of new parenchyma of 
foetal type with an increase in each instance of 
secretory activity and absorption. The new paren- 
chyma of foetal type may be diffuse or in definitely 
walled adenomas. The process is a chronic one. 
(d) The above pathological evidence points to a 
constant relative association of increased secretion 
and increased absorption from the thyroid proportional 
to the degree of toxicity on the part of the patient. 
We have as yet no absolute proof that such secretion 
and absorption is the cause of the symptoms rather 
than co- ordinate with them, but the evidence presented 
strongly points to that conclusion': 
Toxic goitre is almost universally claimed to be due 
to hypersecretion of the thyroid, because . (1) the 
symptoms of the disease are not unlike those produced 
by excessive adminstration of thyroid to a normal 
individual/ 
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individual; and (2) they are in general opposite in 
character to the symptoms found in cases where the 
thyroid gland is atrophied. Certain investigators, 
however, deny that it has been conclusively proved 
that toxic goitre is due to hypersecretion of the thy- 
roid. They believe that the changes in the thyroid 
are the result of some obscure toxic condition which 
effects not the thyroid alone but initiates disturb- 
ances of the whole endocrine system. They hold that 
many of the symptoms in toxic goitre are due to de- 
rangements of other organs than the thyroid and that 
the secretion of the thyroid, although frequently in- 
creased in amount, is deficient in quality from the 
outset. In the consideration of this question it is 
of importance to ascertain how the histological 
appearances of the thyroid in toxic goitre compare 
with those of the normal active gland; if the con- 
dition in toxic goitre is purely one of hypersecretion, 
we should expect to find a close resemblance between 
the two histological pictures. It is necessary first 
to review the evidence in favour of one or the other 
opinion. 
In addition to the facts already mentioned as 
supporting the theory of hypersecretion, mention may 
be made of the experiments of Reid Hunt, who showed 
that/ 
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that the blood from a patient suffering from exoph- 
tha.lmic goitre when injected into mice increases 
their resistax e to the toxic action of acetonitrile, 
this being, also the case after thyroid extract has 
been injected. 
Further evidence in support of this view is 
afforded by the resemblance in the effects on meta- 
bolism in .toxic goitre and after administration of 
thyroid extract. It has been shown by lagnus -Levy, 
Salomon, Benedict, Boothby, and others that the meta- 
bolism in toxic goitre is characterised by an increas- 
ed expenditure of energy. The respiratory inter- 
change of gases shows an increase of 50 to 80 per cent 
in the amount of oxygen consumed. The increased con- 
sumption and the increased and remarkably fluctuating 
caloric production is partly the result of the augment- 
ed cardiac and respiratory activity; in part, and to 
an even greater degree, it is due to the nervous ex- 
citement and motor unrest, more particularly the tre- 
mor. But even in complete muscular repose there is 
still a large increase in the interchange of gases. 
or clinical purposes the increased energy production 
has been expressed by the estimation of the 'basal 
metabolic rate': This is defined by Meakins & Davies 
as the rate of energy exchange, i.e., the number of 
calories 
(117) 
calories per unit of time and per unit of body surface, 
under basal or resting conditions, The result is 
conveniently expressed as percentage increase or de- 
crease, as compared with the known standard for the 
average normal individual of the same sex and age as 
the subject. Patients with complete atrophy of the 
thyroid have a basal metabolic rate about 40 per cent, 
below normal; in exophthalmic goitre the average meta- 
bolic rate is 57 per cent. above normal. 
It has been shown that after the experimental 
administration of thyroid extract the meta.bólic rate 
is affected in exactly the same way as in exophthalmic 
goitre. It is an interesting fact that the active 
substance isolated by Kendall - thyroxin- affects the 
metabolic rate in the same way a.s thyroid extract. 
Thyroxin produces quickening of the pulse only when 
protein food is also taken; Kendall believes that 
this is to be explained by an association between the 
thyroid hormone and the metabolism of amino acids. 
He has shown that it relieves completely the symptoms 
Of myxo e dema . 
The correspondence between the effects on the 
metabolic rate of administration of thyroid extract 
and the conditions in toxic goitre appear to prove 
that the increased energy production, at least, in 
toxic/ 
toxic goitre, is due to excess of thyroid secretion. 
The degenerative changes in the myocardium and also 
in the skeletal muscles - which Wilson has recently 
shown to be marked - the mental symptoms, the blood 
changes, and other features are less easily explained. 
The results of surgical treatment have an impor- 
tant bearing on the nature of the essential lesion in 
toxic goitre. In toxic adanomata, at least, the re-, 
sults are striking. Barker of Baltimore says - "the 
results of surgical therapy for thyroid adenoma are 
particularly gratifying. One of the most striking 
things that a physician has opportunity to observe is 
the obvious relief that patients with outspoken hyper 
thyroidism experience within a few days after partial 
thyroidectomy': C. H. Mayo found that after removal 
of toxic adenomata the basal metabolic rate falls fram 
35 per cent. to 7 per cent. above normal usually with -. 
in two weeks. Judd obtained 80 per cent. of cures in, 
this condition. The results of partial thyroidectony 
in true exophthalmio goitre are less striking but are 
frequently satisfactory. The beneficial effects of 
removal of a part of the thyroid in these conditions 
furnishes support for the opinion that the symptoms in 




The work of Durante & Wilson on the nerve cells 
and fibres of the cervical sympathetic is also of con- 
siderable significance in the consideration of this 
question. They have demonstrated very definite 
changes in cases of exophthalmic goitre. These 
changes consist of various stages of degeneration, 
'namely, (a) hyperchromotisation, (b) hyperpigmentatior, 
(c) chrometolys is , and (d) atrophy or granular degener- 
ation of the nerve cells. All of these, according 
to Wilson, are but successive steps in degeneration, 
which,if uninterrupted, proceed to the complete des- 
truction of the ganglion cells affected. Not all of 
the ganglion cells in any of the ganglia examined 
were so completely destroyed as to render improbable 
their return to normal under favourable conditions. 
Accompanying the more advanced changes in the ganglion 
cells are similar degenerative changes in the nerve 
fibres, and an increase of connective tissue through- 
out the ganglion, but especially in the outer and 
middle coats of the vessels and in the periganglionic 
tissue. The degree of hyperpigmentat ion , the amount 
of granular degeneration, the atrophy, and the reduc- 
tion in the number of ganglion cells are approximately' 
in direct relation to the continuation and subsequent 
remission of the toxic symptoms. The periva.scular 
connective / 
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connective tissue and the connective tissue stroma 
generally through the ganglion are increased in direct 
ratic to the time during which the toxic symptoms had 
continued. These changes in the ganglion cells are 
quite distinct from those due to senility or to other 
[prolonged wasting diseases. 
There are two possibilities with regard to these 
changes in the ganglia. It is possible they result 
directly from the generally toxic condition in exoph- 
thalmic goitre, or, on the other hand, they may be due 
to a. specific primary infection of the ganglion itself. 
Experimentally, Wilson has been able by direct 
inoculations into the cervical sympathectic ganglion 
of goats to produce histological pictures within the 
ganglion and in the thyroid which resemble those found 
in exophthalmic goitre it man. He believes that these 
f w 
experiments, though /and far from conclusive, support 
the suggestion that in exophthalmic goitre the thyroid 
receives its stimulus through its nerve supply and as 
a result of over -stimulation of the cervical sympa- 
thetic ganglion. 
The main facts supporting the hypersecretion 
theory - to recapitulate - are (1) the resemblance be 
tween the symptoms of toxic goitre and those of admin- 
istration of large doses of thyroid extract or thy- 
roxin/ 
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thyroxin, (?) the contrast which the clinical picture 
presents to that of myxoedema., (3) the similar changes 
in the basal metabolic rate in toxic goitre and after 
administration of thyroid extract, and (4) the bene- 
ficial results of surgical therapy. The observations 
of Wilson & Durante appear to show that in toxic goitre 
the thyroid is stimulated by way of the cervical sympa.- 
thetic , but they do not prove that the main factor in 
the disease is an excess of the normal secretion of 
the thyroid. If the ganglion changes are due to a 
toxic irritant, as Wilson suggests, the toxin involved 
may affect other tissues as well as the thyroid and 
the symptoms may be partly due to lesions elsewhere, 
particularly in the other endocrines. 
Marine & herihart, McCarrison, and other investi- 
gators deny that it has yet been conclusively demons- 
trated that exophthalmic goitre is due to hypersecre- 
tion of the thyroid. Some authorities believe that 
the essential cause of the symptoms is the production 
of a preverted thyroid secretion - a condition of dys- 
thyroidisrm; others believe that the thyroid changes 
are only a part of a widespread lesion involving 
especially the other endocrines and the lymphoid tis- 
sue throughout the body, and probably resulting from 
the presence of a toxic irritant. 
ivlcCarrison/ 
(122) 
IVcCarrison emphasises the distinction between true 
;hyperthyroidism and the symptoms of exophthalmic goitre. 
!He believes that there is no sufficient evidence,either 
from experiments on animals or observations on man, 
that hyperthyroidism, that is to say, excess of the 
normal secretion of the thyroid gland, is the direct 
cause of the tachycardia, nervousness, or exophthalmos 
which characterise exophthalmic goitre. The symptoms 
of true hyperthyroidism are loss of weight, gastro- 
enteritis, diarrhoea, and an increase in the pulse 
rate proportionate to the increase in metabolism. His 
own view is that under pathological conditions the sys1- 
ten is rarely flooded with a chemically unaltered 
secretion, but that the bio- chemical balance of the 
secretion may be so changed as to render it deficient 
in some respect or to impart to it a toxic quality. 
In the vast majority of cases, the excitation which 
determines the gland's derangement is toxic, and is 
one which initiates disturbances of the whole endo- 
crine system. 
There can be no doubt that, as i cCa.rrison points 
out, in exophthalmic goitre the majority of the other 
endocrines may show profound alterations. Simonds 
has shown that the thymus is persistent and. hyperpla.s- 
tic in 75 per cent. of cases. Fry has described 
evidences/ 
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evidences of over -activity with chromophilia ir the 
anterior lobe of the piruita.ry. Marine & Lenhart 
have concluded that the facts that exophthalmos may 
be present either with the thyroid normal or with any 
degree of thyroid hyper; lasia, and that there may be 
a marked thyroid hyperpls.sia without exophthalmos, 
weigh heavily against the view that thyroid hyper - 
plasia is etiologically related to exophthalmos and 
towards the view that both phenomena are parallel, 
though often not synchronous manifestations of a fun- 
damental and more obscure nutritional disturbance. 
Exophthalmos cannot be produced experimentally in 
animals by thyroid feeding. Gl eyl records a case in 
which exophthalmos developed slowly in a rabbit from 
which he had removed the whole thyroid apparatus. 
Maurice of Lyors has shown that exophthalmos is due, 
not to excessive action of the thyroid, but to exces- 
sive action of the suprarenals. To the activity of 
the suprarenals is probably also to be attributed the 
"frightened facies" of exophthalmic goitre, as is sug 
Bested by the observations of Cannon. The occurrence 
cf extensive pigmentation of the skin justifies the 
assumption that the suprarenals may ultimately be in- 
jured, and actual atrophic changes have been observed 
in these organs by batman. The lymphocytosis, often 
amounting to as much as 50 per cent., the nervousness 
and/ 
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and the occasional mental derangements axe difficult 
of explanation on a basis of simple hyperthyroidism. 
The infiltration cf the thyroid, the liver, and other 
organs with lymphocytes is very suggestive of a con- 
dition of chronic toxic irritation as the underlying 
factor of the disease. 
It is believed that in the early stages of exoph- 
thalmic goitre an initial hyperplasia occurs in the 
thyroid which results it the flooding of the blood- 
stream with e secretion which at first is excessive 
ir. quantity, but from the commencement is deficient 
in quality. It is uncertain to what extent the in- 
itial increase in quantity makes up for the deficiency 
in quality; at all events, symptoms which might 
reasonable be attributed to hyperthyroidism form part 
of the clinical picture in the majority of oases dur- 
ing the earlier stages of the malady. But as the 
morbid change proceeds. exhaustion of the secreting 
cells occurs, and normal secretion is produced in 
gradually diminishing amount. Ult irate ly ,the symp- 
toms of myxcedema in major or in minor degree are 
added to the clinical picture. At a comparatively 
early stage ir the disease- process there may be de- 
ficiency in some one or all of the chemical ingredi- 
ents. Such symptoms as nervousness, tremor, and 
mental/ 
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mental derangements may be in some measure the c onse- 
quenc e of these finer nutritional disturbances in the 
cells of the nervous system which this deficienoy en- 
tails. 
The charges in the quality and in the quantity 
of the thyroid's secretion in this disease are believ- 
ed to be primarily the outcome of toxic irritation of 
the gland itself and of the sympathetic nerves control- 
ling its secretion. Whether or not the secretion is 
so chemically altered during the course of the morbid 
process as to acquire a high degree of toxicity is 
still rot proven. But in either event it is believe 
that it is the intervention of chemical substances de 
rived from sources outside the thyroid gland which 
determines the result and imparts to Grave's disease 
its toxic character. 
The principal facts which weigh against the hyper - 
secretion theory are - (1) many of the symptoms of ex 
ophthalmic goitre, notably the exophthalmos and the 
mental symptoms,are not reproduced by the administra 
tion of thyroid extract, (2) hyperplasia of the gland 
may occur without producing exophthalmos, (3) the 
hypersecretion theory does not account for the per- 
sistence of the thymus, the tendency to fatty degener- 




















































































blood cha.riges, the lymphocytic infiltration of the 
organs, and certain other features. 
The injection into animals of blood from patients 
suffering from exophthalmic goitre does not appear to 
produce symptoms similar to those following the in- 
jection of thyroid extract; the results of such ex- 
periments, at least, have been confusing and indecisi'e 
If the blood from these patients contained an excess 
of normal thyroid secretion, one would expect to ob- 
tain evidences of this by such injections. 
The Histological Pioture in Exopthalmic Goitre. 
A specimen of the thyroid in this condition was 
obtained, for purposes of comparison, from a typical 
case operated upon by Mr. 'Lewis Beesly in Chalmers 
Hospital. The specimen was treated in the same way 
as the healthy thyroids, being fixed in Zenker's sol- 
ution while still warm and stained in a similar manner 
The parenchyma in this specimen showed the signs 
of oellular activity to an extreme degree. The cells, 
instead of being cuboidal or low columnar es in the 
normal active gland, are almost uniformly tall colum- 
nar (Fig. $'p ). MoCarrison states that tall columnar 
epithelium is never met with in the healthy thyroid, 
but with this statement I do not agree. In some 
cases 
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cases this condition of the epithelium was met with in 
the guinea -pig in excessively active thyroids fror; 
pregnant animals (Fig. ) . The height of the epi- 
thelium affords a fair index to the state of activity 
of the gland. The cell protoplasm shows abundant 
granules. The nuclei in most cases are large and 
spherical with a. distinct chromatin net -work, but in 
some regions they show considerable variations in 
appearance. ';Where the cells are closely crowded in 
the very active alveoli they tend to be small and 
darkly staining and may be slightly flattened. In solre 
parts of the gland the cells lining the alveoli are 
several layers thick, and groups of cells or single 
cells may become desquamated and lie loose in the 
vesicle. The free edge of the tall columnar cells 
sometimes presents the slightly ragged appearance that 
may be seen in the cells of healthy active glands 
after a period of prolonged activity. 
The alveoli show the greatest irregularity in 
shape (Fig. ir( ) . In some regions they are small and 
rounded and more or less symmetrical, these represnt- 
ing new forms developed in the in_tervesiiula.r tissue 
(Fig. ) but in most cases they are distorted and 
compressed. The most striking departure form the 
normal consists in the development of buds and papil- 
lary 
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papillary projections of the acinar wall, such as are 
seen in Fig.. . These are developed in order to ao-i 
comodate the hyperplastic epithelium, and they add to 
the asymmetry in the appearance of the vesicles. The 
contents of the vesicles stain only faintly in many 
regions, and in sore parts ap -.ear to consist of clear 
newly- formed secretion. Occasionally the wall of a 
vesicle breaks down and the contents may escape into 
the surrounding connective tissue (Fig. S'4 ). 
In addition to these evidences of parenchyma 
'hyperplasia, the thyroid in exophthalmic goitre pre- 
sents certain other features which do not always re- 
ceive sufficient consideration. In many regions there 
is an abundant infiltration with small lymphocyte -like 
cells (Fig. ). Roussy & Clunet consider that un- 
less this lymphoid proliferation is present, the con- 
dition cannot be considered to be one of true exoph- 
thalmlo goitre. This feature cannot be explained by 
any theory of hypersecretion alone. It suggests 
strongly a response to the action of some toxic irri- 
tant and corresponds, to a certain extent, to the re- 
action on the part of the tissues in response to such 
toxins as those of syphilis and tuberculosis. 
Another feature in which the thyroid of exophthal 
mic goitre differs from the normal active thyroid 
consists/ 
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consists in the very marked thickening of the connec- 
tive tissue framework which takes place. The tra.becu- 
lae of connective tissue which separate the lobules 
from each other are enormously thicker and coarser 
than in the healthy gland. There is a resemblance in 
this respect to the changes which occur in the mammary 
gland in chronic mastitis, or in the pancreas in 
chronic pancreatitis in response to chronic toxic 
irritation. The vessels show in places a very 
definite condition of obliterative enderteritis. (Fig 'i ) 
The histological picture in exophtha.lmic goitre 
is therefore one of a state of frenzied activity on 
the part cf the parenchyma, combined with changes in 
the stroma and vessels of the gland which correspond 
to those seen elsewhere as the result of a toxic irri- 
tant. The parenchyma changes are an exaggeration of 
those seer in the healthy gland in a state of active 
secretion. 
The Histological Picture in Toxic Adenoma. 
Toxic adenoma is the most common type of toxic 
non- exophthalmic goitre. A specimen of this condition 
was obtained at operation from a case operated on by 
Mr. F. E. Jardine. Portions were fixed in Flemming's 
solution and in Zenker's solution and stained in the 
same way as the others. According to Plummer, the 
symptoms/ 
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symptoms of toxaemia in patients with toxic adenomata 
appear in patients who have had goitres on an average 
of fourteen and a half years, and the patients come 
for operation on an average of three years later. They 
do not have ex_ophthalmos, but have tachycardia.,tremor, 
loss of weight, and nervousness, which appear when the 
patients are from five to ten years older than the 
average patient is when the symptoms of exophthalmio 
goitre develop. Boothby, , Meakins & Davies, and 
others have shown that the basal metabolic rate is in- 
creased in much the same way as in exophthaimic goitre1 
In the patient from whom the specimen was obtain - 
a thyroid swelling had been present for some ten years 
and toxic symptoms had appeared about six months 
previous to operation. It was an interesting feature 
in this case that a similar swelling in a sister of 
the patient had followed exactly the same course. The 
development of nervousness, irritability of temper, 
and other symptoms were readily recognised, and, oper- 
ation in the first sister having been followed by the 
most satisfactory results, the second patient came for 
surgical treatment sooner than she would otherwise 
have done. The tumour was a. definite adenoma and was 
readily shelled out from a well- marked capsule. 
Mr. J. M. Graham kindly lent another specimen of 
this¡ 
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this condition and an example of simple goitre for 
comparison. 
Wilson has shown that in toxic adenomata of the 
"adult" type the appearance of toxic symptoms is due 
to regeneration in previously atrophied parenchyma. 
In the specimen obtained at operation evidence of the 
old- standing retrogressive changes were well- marked 
in the form of extensive calcification, and also in 
the presence of numerous large spaces lined with flat 
tened atrophied cells and distended with colloid whit 
was often basic staining. Areas of regeneration were 
abundantly present. The newly- formed alveoli are 
frequently small, they are markedly asymmetrical, and 
present a close resemblance to those of exophthalmic 
goitre (Fig. $f( ) . The lining parenchyma cells are 
mostly cuboidal in shape, though here and there colum 
nar epithelium is present. They do not generally 
attain to the height of the cells in exophthalmic 
goitre but resemble rather, in this respect, the cell 
of a healthy gland in a moderately active state. This 
difference in the height of the cells corresponds to 
the difference in the acuteness of the symptoms in the 
two forms of goitre; those of toxic adenoma are alway 
milder and progress more slowly than in exophthalmic 
goitre. The resemblance between the cells of toxic 
adenoma./ 
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adenoma and those of a normal active gland suggests 
that the secretion may not be excessive in amount in 
this condition - not necessarily greater.than in a 
state of physiological activity, such as pregnancy. 
If such is the case, then the toxic symptoms must be 
clue, not to excess of secretion, but to the production 
of e secretion which is abnormal in character - a 
condition of dysthyroidism. 
Budding and plication of the epithelial lining 
of the a.c ini was met with in the toxic adenoma, but to 
a less extent than in exophthalmic goitre. The same 
may be said with regard to desquamation of epithelium. 
The vesicles generally contained abundant densely - 
staining colloid, though the smaller and more active 
alveoli frequently contained only clear secretion. 
The specimen lent by Mr. Graham, from which Fig. 
is taken showed the same combination of old retro- 
gressive changes with recent hyperplasi The speci- 
men of simple goitre (Fig. '0 ) shows no _similar pro- 
liferative changes but consists almost entirely of 
large colloid spaces lined with atrophied parenchyma.. 
These spaces are similar to those observed in the old - 
standing areas of the toxic adenoma. 
Lymphocytic infiltration occurred in the toxic 
adenoma (Fig. 
exophthalmic/ 
) to an even greater degree than in 
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exophthalmic goitre. This fact has received vers 
little attention in the literature and appears to be 
a point of considerable significance. It suggests 
again a reaction to some toxic agent which has not 
yet been recognised. It may be that this toxic sub- 
stance is also the prime factor in causing the hyper- 
activity of the parenchyma cells - possibly through 
the agency of the cervical sympathetic, as the work 
of Wilson & Durante affords grounds for believing. 
The connective tissue stroma. shows the same hyper- 
plasia as in exophthalmic goitre. 
The principal conclusions that suggest themselves 
after the examination of the histological picture in 
the two main types of toxic goitre and a comparison 
with the signs of activity in the healthy gland are - 
(1) the pathological changes in the two forms of toxic 
goitre are essentially the same, though the parenchyma 
changes differ in degree; (2) they show a marked devi- 
ation from the appearance of a healthy active gland; 
(3) they do not support the view that the symptoms in 
toxic goitre are due to hypersecretion pure and simple 
(4) they strongly support the view that there exists 
in cases of both exophthalmic goitre and toxic adenoma 
some circulating poison, which causes a reaction in 
the gland corresponding to that seen in chronic toxic 
conditions/ 
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conditions elsewhere. It may be that this circulat- 
ing toxin is the essential cause of the disease. 
The Nature of the Intervesicular Tissue of the Thyroid.. 
The spaces between the vesicles of the thyroid 
are filled up by groups of cells which form the inter4 
vesicular parenchyma.. The physiological significance 
of these cells has been the subject of much discussioñ. 
Swale Vincent & Jolly have attempted to show that 
these cells are essentially the same as those of the 
parathyroid, and their views have been supported by 
Halpenny, Forsyth, and the late Mrs. F. D. Thompson. 
The last investigator considered the subject from a 
widely comparative standpoint. Clinical observers, 
on the other hand, notably Wilson & McCarrison_, con- 
sider that the intervesicular tissue is made up of 
cells which are similar to those lining the vesicles 
and that its sole function is to provide a reserve 
store of parenchyma from which new vesicles can be 
formed when an increased demand is made upon the func- 
tions of the gland. Kohn, Vassale, Generali, and 
other observers have also urged the view that the thy- 
roids and the parathyroids are entirely distinct,hoth 
morphologically and physiologically. 
An examination of the intervesicular parenchyma 
in/ 
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in pregnant and non -pregnant animals is very enlight- 
ening in the investigation of the essential nature of 
this tissue. 
Vincent has laid stress upon the fact that the 
thyroid and the para.thyroids are derived from very 
similar sources, and even in the fully developed state 
there is no fundamental difference between the con- 
stituent cells. He believes that the intervesiculari 
tissue is to all intents and purposes identical with 
that of the pa.rethyroids , and states that the instan- 
ces of tissue continuity and gradual transitions and 
intermediate types from thyroid to parathyroid are de; 
scribed. In perhaps the majority of cases the trans- 
ition forms are best seen between thyroid and internal 
parathyroid, though in the ox and the human subject 
such transitions are shown to exist between thyroid 
and external parathyroid. 
Ha'penny & Thomson state that after removal of 
all the parathyroids there is a multiplication of the 
intervesicular cells of the thyroid which they believ 
to be of the same nature as the cells of the parathy- 
roids; Vincent & Jolly found that, on microscopic ex,-! 
amination of parathyroi_ds left in situ after thyroi- 
dectomi, vesicles containing colloid material were met 
with which presented a close resemblance to the 
vesicles/ 
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vesicles of the thyroid. These workers believe that 
the one kind of tissue can function vicariously for 
the other. It has been suggested by the opponents o 
this view that the last-named workers were dealing 
with portions of thyroid tissue undergoing hyperplasi 
possibly in the form of accessory thyroids. 
Mrs. Thompson, as the result of her comparative 
anatomical studies, expressed the view that, while in 
the lower vertebrates, the thyroid and the parathyroi 
are completely separate, both developmentally and 
structurally, in birds and mammals the tissues of the 
two organs are largely intermixed. It is certainly 
the case that in normal animals colloid -containing 
vesicles resembling those of the thyroid are sometimes 
found in the parathyroid. These vesicles, hewever,are 
very infrequent; I have met with no example in the 
parathyroid of the guinea -pig. They are probably to 
be regarded as accidental inclusions of thyroid tissue 
during development, corresponding to the parathyroid 
inclusions that are commonly seen in the thymus. 
Wils9n looks on the thyroid as "a congeries of a 
great number of groups of cells which may be found 
even in the adult in any stage of development from 
masses of unarranged embryonic cells (Wölfler's rests) 
through tightly packed, concentrically arranged groups 
of/ 
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of embryonic epithelial cells, to well -developed 
follicles lined with epithelium, evidently capable of 
secreting into the well marked central cavity': He 
has shown that in toxic goitre the solid clumps of 
cells are transformed into new vesicles. In exoph- 
thaimic goitre the Wolfler' s rests may have entirely 
disappeared. These facts are of the greatest sig- 
nificance in relation to the question under discussion. 
NicCarrison believes that all parenchyma cells, 
whether lining the vesicles or not, may, if occasion 
demands, form themselves into new vesicles and take 
part in the formation of the gland's secretion. 
The guinea -pig forms a good subject for the ex- 
amination of the intervesicular tissue. The cells 
are large and the details of their structure can be 
readily investigated. Fig. i3 shows groups cf inter - 
vesicular cells under a high power in an actively 
secreting thyroid. These cells resemble very closely 
in appearance those which are lining the adjacent 
vesicles. The nuclei are similar in shape and size 
and the staining reactions are the same. It is true, 
as Swale Vincent claims, that there is a superficial 
resemblance between the intervesicular cells and those 
of the parathyroid. The resemblance, however, is 
only superficial and the two types of cell can be 
readily 
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readily distinguished. Fig. shows an internal 
parathyroid in the guinea -pig at the junction with the 
thyroid tissue. There is no encapsulation of the 
parathyroid cells, but the line of demarcation is 
quite definite. The parathyroid cells are distinctly 
more darkly stained than the intervesioular thyroid 
cells, both as regards the nuclei and the cell proto- 
plasm. The ease of differentiation here suggests 
comparison with the region in the pituitary at the 
side of the cleft where the cells of the pars anterior 
and pars intermedia intermingle. In both cases the 
two types of cell are readily distinguished from each 
other. 
In_ pregnant animals it is possible to show that 
the intervesicular cells undoubtedly undergo transfor- 
mation into actively secreting vesicles. It is im- 
portant, in relation to this question, to keep in mind 
the original mode of development of the thyroid vesi- 
cles. In the embryo the original epithelial out- 
growth forms groups of small epithelial masses in which. 
vesicles are formed by the breaking down of the centra 
cells of a given epithelial mass. When an increased 
demand is made upon the functions of the gland, as in 
pregnancy, this process is repeated in relation to the 
intervesicular tissue. The various stages in the 
transformation/ 
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transformation from solid groups of cells to secreting 
vesicles are seen in Figs. -1S ?.? . Fig ,7shows 
the appearance of the intervesicula.r tissue in the 
resting thyroid of a non -pregnant animal. The cells 
are arranged in solid clumps in a more or less concen- 
tric fashion. In pregnant animals these groups be- 
come transformed from solid clumps into small actively 
-secreting vesicles. The stages in the process of 
transition are, firstly, the appearance of faintly - 
staining colloid material in and between the cells; 
the nuclei of the central cells become indistinct and 
disappear; ultimately the central cells become com- 
pletely disintegrated and mingle with the colloid, 
though the cell -outlines may remain visible after all 
trace of nucleus and cell protoplasm have vanished. 
The cells at the periphery of the group remain as the 
lining epithelium of the newly- formed vesicle. Appear1 
ances such as those of the transition groups in Fig . 
might suggest that they are due to the vesicles being 
out towards their extremities, out this is not the 
case since the outlines of disintegrating nuclei are 
plainly visible. Moreover, these transition forms 
show a very marked increase in number in pregnancy, 
while they are rare in the thyroids of non -pregnant 
animals. 
The 
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The examination of the series of pregnant and non- 
pregnant animals affords strong evidence in support o 
the view that the intervesicula.r tissue constitutes a 
reserve store of parenchyma from which new vesicles 
can be formed when an increased demand is made upon 
the functions of the gland, as in pregnancy. The 
pathological observations of Wilson and the manner of 
development of the vesicles are also in favour of 
this belief. The only observation suggesting an in- 
timate physiological relationship to the parathyroids 
has been the occasional occurrence, in the rabbit only 
of thyroid vesicles in the midst of the parathyroid . 
tissue. This appearance is probably the result of 
an accidental developmental inclusion. 
The SiEnifioance of the Signs of Increased Thyroid 
Activity in Pregnancy. 
The relationship between the thyroid and the 
activities of the reproductive system is well known. 
This is illustrated by the increased activity of the 
gland at puberty, menstruation, and in pregnancy, and 
also by the depression of the sexual functions which 
occurs in myxoedema and in ca.chexia. strumipriva. In 
pregnant animals the gland almost invariably shows 
well -marked signs of secretory activity, sometimes to 
an/ 
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an extreme degree (Fig. %S' ). The intervesicular tis- 
sue undergoes a gradual transformation into vesicles 
and towards the end of pregnancy, in the guinea -pig, 
may' have become very scanty in amount (Fig. /d( ) . 
The increased activit;, of the thyroid in pregnancy 
is to be attributed in part to the hyperactive state 
of the sex organs and in part also to the increase in 
the maternal metabolism. The increase in metabolism 
is evidenced by the rise in the basal metabolic rate 
SS described by Meakins & Davies. There is little 
doubt that. the thyroid hyperplasia is dependent also 
on the demand by the tissues of the developing embryos 
for thyroid secretion. The thyroid of the foetus and 
of the newly born child is in a relatively inactive 
state; it contains little or no iodine, the vesicles 
are smaller and fewer in number, so that the inter - 
vesicular tissue is increased in comparison, and they 
contain less colloid than in later years. In the 
early stages of its career, therefore, the organism is 
dependent to a. large extent on the maternal thyroid 
secretion, transmitted by the blood -stream and placen- 
tal circulation during the intra- uterine period, and 
by the maternal milk in the early weeks or months of 
extra- uterine existence. It has been shown that sub - 
thyroidism in the mother may retard infantile develop- 
ment. 
That/ . 
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That the thyroid's secretion is essential to the de- 
veloping and growing tissues is certain. The feeding 
experiments carried out by Gundernatsch and subse- 
quently by Rogoff & iviari.ne, indicate that the thyroid 
hormone has a powerful influence on the development of 
the body. Tadpoles fed upon thyroid substance showed 
a striking acceleration of the normal metamorphosis. 
Those fed with the glandular material grew less rapid- 
ly than the controls fed upon ordinary diet, but the 
tails of the former showed more rapid involution and 
the arm buds developed prematurely. In cretinism, 
where the thyroid is atrophied at birth, the effects 
on growth of bone, especially the failure at the epi- 
physial junctions, the derangement of the nutrition of 
the muscular and connective tissues, and the defective 
development of the repropductive and nervous systems 
are well known. 
The relationship between the thyroid and the main 
tenance of the constituents of the blood -red cells, 
white cells, haemaglobin, and salts - at a proper 
level may also have a bearing on the hyperplasia of 
pregnancy. It has been shown that the functional 
activity of the gland appears to increase with resi- 
dence at increasing heights above sea -level. This in- 
creased action is necessitateri by the gland's influeno 
in/ 
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in maintaining the red cells and haemoglobin at a 
level appropriate to the altitude. The effect of 
altitude being to call for a rapid rise in the blood' 
red cell and haemoglobin -content, the thyroid respond 
to this call by increased action. In pregnancy the 
the thyroid's activity in this respect must be called 
upon ir_: connection with the increased blood- supply to 
the developing uterus and to the maternal tissues 
generally - in accordance with the increased metabolic 
rate - and also, no doubt, in connection with the 
establishment and maintenance of the foetal circulati !I 
CONCLUSIONS. 
1. A cyst-like space resembling the post -bran- 
chial body of the lcwer animals is sometimes met with 
in the thyroid of the rabbit and the parathyroid of 
the guinea -pig. 
2. The thyroid of pregnant animals shows well- 
marked signs of secretory activity. The increased 
activity is probably dependent on the increased meta- 
bolic rate of pregnancy, the state of the reproductive 
system, the increased blood -supply to the rapidly- 
growing uterus and the maternal tissues generally, and 
also on the demands of the developing foetal tissues. 
3. The principal evidences of secretory activity 
are/ 
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are (a) an increase in the height of the follicular 
cells to a cuboidal or low columnar shape: (b) the 
appearance of clear fresh secretion in the vesicles 
and in the lymphatics of the gland; (c) a gradual 
solution and absorption of the colloid; and (d) an 
increased vascularity. 
4. The colloid probably represents a substance 
containing an emergency reserve of iodine. Under 
normal conditions the thyroid secretion passes di- 
rectly from the cells into the lymphatics or blood - 
vessels without entering the lumen of the vesicles. 
A comparison between the active gland of 
healthy pregnant animals and the thyroid in toxic 
goitre shows that (a) in toxic goitre the parenchyma 
changes are an exaggeration of those seen in the 
healthy gland in a state of active secretion; (b) in 
both forms of toxic goitre there is a marked degree 
of infiltration with lymphocytes; (c) the connective 
tissue framework shows considerable hyperplasia; 
(d) in exophthalmic goitre there is frequently well- 
marked endarterit is obliterans. The parenchyma 
changes are in a.ccordence with a theory of hyper- 
thyroidism as the explanation of the symptoms in 
tcxic goitre, but the last three conditions named 
are-difficult of explanation on such a theory. They 
present a close resemblance to the reaction seen in 
other/ 
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other organs as a response to chronic, toxic irritation 
6. The parenchyma changes are less marked in toxi 
adenoma than in exophtha.lmic goitre. This corres- 
ponds to the milder character of the symptoms in the 
former condition. 
7. The intervesicular cells of the thyroid pre- 
sent a superficial resemblance to those of the para- 
thyroid, but differences in their staining reactions 
can be detected. In pregnant animals the intervesic - 
ular tissue can be traced in its transformation from 
solid groups of cells into newly- formed alveoli. It 
is to be regarded as reserve parenchyma which can be 
transformed into vesicles when an increased demand is 
made on the functions of the gland. This view is 
supported by the original method of development of 
the vesicles and by the appearances seen in toxic 
goitre. 
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THE PARATHYROIDS . 
That there is an increased demand on the func- 
tions of the parathyroids during pregnancy is proved 
by the observation that after partial parathyroideo - 
tomy in the dog, tetany may develop only when the ani- 
mal becomes pregnant. Vassale observed this con- 
dition for the first time in a bitch from which three 
parathyroid glands had been removed. Adler & Thaler 
found that when animals, which appear perfectly sound 
after the removal, of two or three parathyroids ,become 
pregnant, pregnancy is heralded by an outbreak of 
tetany. After partial pa.rathyroidectomy the animal 
is regarded as being in a state of potential tetany, 
the fits only developing when the conditions of preg- 
nancy bring about an increased demand on the functions 
of the organs. 
itil,orphology . 
The number and arrangement of the parathyroids 
vary considerably in different species and also in 
different members of the same species. In the rabbit 
they are usually four in number, and in this animal, 
parathyroid IV, from the fourth visceral pouch, is an 
"internal" parathyroid, being situated in the subs- 
tance of the thyroid, while parathyroid III, from the 
third 
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third pouch, remains outside the thyroid as an 'inter- 
nal" parathyroid. In the guinea -pig, according to 
Sohäfer, only parathyroid III is ordinarily present 
and this varies greatly in position relatively to the 
thyroid. In my experience it is nearly always an 
external parathyroid lying superficial to the thyroid 
on the surface of the lateral lobe (Fig. (02. ) ; it may 
be either towards the anterior or the posterior part 
of the surface. Occasionally an internal parathyroid, 
is present in addition (Fig. (03 . One specimen 
showed two external parathyroids lying close together. 
In some cases the parathyroid of the guinea -pig lies 
immediately under the capsule of the thyroid (Fig.044. ) 
so that it is intermediate in position between an "ex- 
terral" and an "internal" parathyroid. 
C . H. Mayo emphasises the variability in number 
and position in the human subject. In 125 autopsies 
Berkeley found about an average of two and a half 
parathyroids per person; in 138 autopsies by Verebely 
four parathyroids were found 108 times. It is common 
to find thyroid nodules, portions of thymus, or lymph 
nodes in the neighbourhood of the usual site of the 
parathyroids. In 263 specimens selected as resembl- 
ing parathyroids, Rogers & Ferguson found that 111 
proved to be thyroid tissue in large part. Ginsburg 
emphasises/ 
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emphasises the difficulty in differentiating parathy- 
roids from closely allied lymphatic nodes. The omis- 
sion of a histological examination probably explains 
in some cases the conflicting statements on the sub- 
jeot.. Mayo finds that the parathyroids are nearly 
always in relation to the "channel" of anastomosis be- 
tween the superior and inferior thyroid arteries. 
Accessory and aberrant parathyroids are not infrequent 
Small cellular accumulations have been described by 
Muller & Erdheim. These are sometimes sufficient in 
amount to defeat the object in attempted complete 
parathyroidectomy. .
Halstead & Evans describe the human parathyroids 
as flattened, ovoid, or reniform bodies, each covered 
by a thin fibrous capsule, beneath which a fine anas- 
tomosis can be seen. The surface presents an exceed- 
ingly fine, barely visible, granular appearance, prob- 
ably due to the blood -vessels. The colour is reddish 
yellow, or brownish red. Each glandule has invari- 
ably its special artery which Halstead & Evans desig- 
nate the superior and inferior parathyroid artery - 
right and left. The vessel is large in proportion 
to the organ supplied, and this aids in the body's 
identification. The glandules are quite free and 
hang from the artery which enters the hilum. Both 
parathyroid/ 
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parathyroid arteries usually arise from the inferior 
thyroid, but frequently they take origin from the 
anastomosing channel between the inferior and superior 
thyroid vessels. 
ye v e l opme nt . 
The parathyrci ds appear as epithelial thickenings 
from the dorsal parts of the third and fourth visceral 
clefts.Thethymus arises from the ventral portion of 
the same clefts, and it is not unusual to find para- 
thyroid tissue included in the thymus. palta. states 
that embryological investigations up to the present 
support the view that the relation of the parathyroids 
to the thyroid is purely topographic. 
Histological Anatomy. 
The parathyroid possesses a thin capsule of con- 
nective tissue. This is filled with parenohyma which 
is subdivided into columns of epithelial cells by delit- 
cate septa which proceed from the envelope. These 
septa covey the capillary vessels, and they unite to 
form a kind of net -work, in the vessels of which the 
parenchyma is enclosed. Kohn distinguishes in man and 
different mammals, three different arrangements of the 
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retiform tissue; and (3) a lobular conformation. 
These different arrangements are not characteristic 
of any species or any age, but may be found side by 
side in the same glandule. In the rabbit, the para- 
thyroid is often of the compact type; in the guinea - 
pig it may be either compact or lobulated (rig. (O`ú ) 
There was no constant arrangement in this respect in 
either pregnant or non- pregnant animals. 
Welsh has classified the parathyroid cells into 
two principal types - (1) the "principal" cells,which 
greatly predominate; (2) the " oxyphilic" cells. The 
principal cells are usually small with protoplasm 
which does not stain readily. In the guinea -pig thgy 
appear to be larger than is generally the case, and 
the protoplasm may be fairly abundant (Fig. /C S ) . The 
protoplasm contains fine granules which stain with 
iron haematoxylin. The nuclei; which stain well, 
are about the size of red blood-cells; they are fur- 
nished with a regular net -like chromatin framework, 
and have several nucleoli. The oxyphilic cells have 
a relatively large body with fine, strongly eosino- 
philic granules. The nucleus is small, deeply-stain-, 
e 
ing, and with chromatin closely arranged. in Sh:fer's 
opinión, these oxyphilio cells probably represent a 
functional stage of the ordinary cells, since trans- 
itional/ 
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transitional forms occur. One type of these oxy- 
philic cells is believed by some authors to represent 
a separate cell -form. it is intimately associated 
with the o onnec t iv e tissue of the capsule and appears 
as a cubical or cylindrical cell with an epithelial 
nucleus. These cells unite tc form palisade -like 
rows, which are arranged either radially or perpen- 
dicularly to the direction in which the septa run. 
In the rabbit and the guinea -pig the cells are entire 
ly principal cells; the oxyphilic cells do not appea 
to occur. 
ratty granules are found in both types of cell. 
They occur during the first month of life and ínareas 
in number with age, .but, according to Biedl, are not 
affected by the general nutritional conditions. They 
are regarded as furnishing evidence as to the secre- 
tory activity of thee parenchyma cells. Petersen 
found glycogen in the parathyroid glands of man at al 
ages; its distribution was irregular, the principal 
cells containing much, the oxyphilic cells little. It 
is also present in the connective tissue and the 
blood- vessels. Petersen's view is endorsed by 
Guizetti, Yerbely, and Yanase. ... Koenigstein con- 
siders that upon histological gounds glycogen may be 
regarded as a secretory product of the parathyroid 
glands. 
Colloid; 
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Colloid vesicles, as aire mentioned, are sometimes 
met with in the parathyroid. They do not ocurr in 
the parathyroid of the guinea -pig and are therefore 
not an essential part of the gland. 
The internal blood- vessels of the parathyroid 
are very abundant. The numerous sinus -like capillary 
vessels unite to form a close net -work. Their endo- 
thelial cells, in some oases, rest on the epithelial 
cells and in others are covered with a delicate shea 
of connective tissue. uccasiona.11y, and more partic 
ularly in old age, the arteries are accompanied by 
large lymphatics. According to Sac erdotti & Anders° . 
the vessels in the interstitial tissue are accompanied 
by nerve fibres, by . which they are enclosed as in a 
net. work, and which may also penetrate between the 
epithelial cells. 
The Evidences of Secretory Activity. 
Views as to the nature of the physiological ac- 
tivities of the parathyroids are still largely hypo- 
thetical. . o hormone, if such a chemical substance 
exists, has been isolated, and theories as to the 
function of the glands are largely based, as yet, on 
the results of experimental parathyroidectcr_.y. It 
seems to be established, that if all four parathy- 
roids/ 
(153) 
para.thyroids are removed, provided that no accessory 
parathyroidal structure is present, fatal tetany re- 
sults. If two or three glandules are removed, the 
animal is in a state of latent tetany, the condition 
only developing when some additional strain is thrown 
on the vital activities, such as pregnancy and various 
intercurrent diseases. similar observation has- 
been made in the human subject by Haberfeld. In a 
patient in the Shauta. clinique, Vienna, tetany develop- 
ed during pregnancy, the patient having jireviously 
manifested no signs of the condition. In this case 
all four of the para.thyroid.s showed pathological 
presented 
changes. Two /large scars , in the regions of which 
there were parenchymatous atrophy and small cysts. In 
one gland round -celled infiltration was present, and 
in the fourth such extensive atrophy, that scarcely 
any epithelial cells remained. 
In the human subject pa.rathy ro i dec t omy was occas- 
ionally performed accidentally in the early days of 
thyroid surgery, before the importance of the para- 
thyroids was recognised. Thus, in 52 cases of thy- 
roidectony in the Billroth clinique, tetany occurred 
12 times, and was fatal in 9 cases. At the present 
day it is a very rare event. C. H. Mayo reports that 
in a series of 8,500 operations for goitre in the Mayo 
clinic / 
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Clinic, one case presented manifestations of tetany. 
The condition subsided, leaving doubt as to its true 
nature. Halstead, Biedle, and others have shown that 
after removal of a part of the paratbyroidal substance 
the remaining portion undergoes hypertrophy. Halstead 
has also shown that when tetany is the result of a 
complete extirpation of all parathyroid tissue, the 
symptoms can be combated by a successful transplant- 
ation or graft of parathyroid tissue made from an ani- 
mal of the same species. Indeed, it has been found 
that the success of a graft of parathyroid is assured 
only when the graft is derived from the same kind of 
animal as that from which the parathyroid has been re- 
moved. With regard to the treatment of tetany in the 
human subject by means of grafting, C. H. Mayo states 
that the resuls have been divergent, but that the. his- 
tory of this tihase of the subject contains successes 
suffioiently supported to stimulate encouragement and 
painstaking research. 
These observations are sufficient to show that 
the parathyroids are structures of vital importance. 
Apart from tetania pa.rathyreopriva, there is consider- 
able doubt that other forms of tetany are dependent 
upon parathyroid deficiency, but there are many obser- 
vations supporting this view. The case of tetania 
gravidarum/ 
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gravj.cla.rum, reported by Haberfeld, has already been 
referred to. In infantile tetany, it is believed by 
Erdheim, iana.se, Haberfeld, and others that the con- 
dition is dependent on intra- parathyroidal haemorr- 
hages. Such haemorrhages are assumed tò occur durin 
intrauterine life or at the time of labour, and to 
the occurrence of these haemorrhages are also a.ttríbu 
ted tetanic attacks. of later childhood and even adult 
life. In such cases, a lymphatic condition of the 
para.thyroids has been observed, and the only indi- 
cation of the early bleeding may be the presence of 
ha.ematogenous pigment, together with evidence of in -' 
hibited growth of funotional tissue. The existing, 
limited parathyroidal.material suffices to maintain a 
state of equlibrium in the presence of normal con- 
ditions, but with the advent of some intercurrent dis 
turbanoe, such as the common gastro -intestinal disease 
of the young, pregnancy, etc., the glandules become 
relatively insufficient for the .increased demand. 
There are at the present time two principal views 
as to the oause of the symptoms in tetany - (l) the 
absence of some substance which cheeks the activity 
of the nervous system, and (2) the appearance of a 
specific poison, acting on the nervous system,appear- 
ing in parathyroid absence or deficiency. It was 
previously/ 
(156) 
previously thought by Ma.c allum that the essential 
cause was a deficiency of calcium salts in the body. 
tioegtlin & .Macallum showed that the adminstration of 
calcium salts, either intravenously or by the mouth, 
stops very promptly the tetaníc symptoms. There is 
no doubt also, that, a.s =Leopold & von -Reuss have sho 
in young animals after partial parathyroideotomy the 
total amount of calcium in the body is diminished and 
the teeth and the bones fail to calcify properly. 
It is pointed out, however, that no view can be 
correct which takes as its basis the absence or de- 
ficiency of some one or other substance which is sup- 
posed, normally, to influence the activity of nervous 
tissues, since copious blood- letting or transfusion 
with normal saline immediately removes the symptoms, 
and keeps then in abeyance for some time. The most 
probable explanation of the beneficial effect of cal- 
cium upon the nervous symptoms is that it behaves 
merely as a sedative, reduoing the excitability of the 
nervous system, an action which it is known to possess 
It has been shown that other cations - magnesium, 
barium, and strontium - have a similar action. 
Noel Paton, i1indlay, and Watson believe that the 
essential cause of tetany is an intoxication by guani- 
dine. They point out that - (1) Guanidine or methyl 
guanidine administered to normal, animals produces 
symptoms/ 
(157) 
symptoms that are identical with those following para.- 
thyroidec tomy ; ( 2) no drug, other than guanidine ,which 
can effect a decided increase in the excitability of 
the motor nerve endings to the constant current, as 
exists in tetany, has been found; there is a marked 
increase in these substances in the blood and urine of 
parathyroidectomised dogs, and in the urine of chil- 
dren suffering from idioopathic tetany; and.(4) in 
certain cases the serum of parathyroidectomised dogs 
acts upon the muscles of the frog similarly to weak 
solutions of guanidine. 
The question, however, must still be regarded as 
unsettled. Howland & Marriott have shown, after ex- 
tensive analytical work, that the blood of children 
suffering from tetany shows a reduction of calcium, 
to the extent of 40 per cent. in many instances. It is 
possible that neither of these factors - guanidine 
formation or calcium deficiency - is the primary cause 
of tetany, but that one or perhaps both may be second- 
ary to some condition as yet unrevealed. 
Histologically, the parathyroids are among the 
most enigmatic of the endocrines. The increased de- 
mand on these organs during pregnancy is undoubted,as 
shown by the onset of tetany in women or animals with 
parathyroid deficiency, there having been no manifest- 
ations of the disease under normal conditions. C. H. 
Mayo/ 
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ayo states that no manifestations of hyperactivity of 
hese glandules , even in the presence of hypertrophy 
r adenoma, have been observed. 
The one positive statement that can be made from 
an examination of the parathyroid in the pregnant ani- 
mals is that in pregnancy the parathyroids a.re dis- 
tinctly more vascular as compared with the condition 
in non -pregnant animals. The vaso- dilatation affects 
the larger vessels. The cells present the same ap- 
pearance in pregnant and in non -pregnant animals 
(i?ig. /0ir ) . The granules which are demonstrated by 
iron haematoxylin do not show any constant relation-' 
ship to one or the other condition. 
CONCLUSIONS. 
(1) in the guinea -pig, only parathyroid III is 
commonly present and it usually lies on the lateral 
aspect of the thyroid. ' Occasionally an internal 
parathyroid is present in addition. 
(2) The cells are arranged, in the guinea -pig, 
sometimes in a'compact" and sometimes in a "lobulated" 
manner,; the arrangement of the cells has no functional 
significance. 
(3) tiistologica.l evidences as to functional ac- 
tivity/ 
(159) 
activity are very scanty, the one definite feature 
being an increased vasoularity in the gland of preg- 
nant animals as compared with that of non -pregnant. 
(160) 
THE THYMUS. 
. The thymus is generally regarded as a "puberty 
gland': In the human subject it attains its maximum 
development about the time of puberty and thereafter 
undergoes retrogressive changes. In animals it fre- 
quently ex isists in a well developed state in the 
adult. 
Morphology. 
In man, in its most active stage the thymus con- 
sists of two lateral lobes placed in close contact in 
the middle line, situated partly in the thorax and 
partly in the neck, and extending from the fourth 
costal cartilage upwards as high as the lower border 
of the thyroid gland. It lies in front of the peri- 
cardium and trachea and partly behind the sternum. 
The two lobes generally differ in size; they are 
occasionally united so as to form a single mass; and 
sometimes separated by an intermediate lobe. The 
thymus is of a pinkish -grey colour, soft, and lcbula.t- 
ed on the surface. 
In the rabbit it occupies the same position and 
presents much the same appearance as in man, except 
that the lobulation is more distinct. In the guinea - 
pig it forms two flàt lobes; these are situated in 
the 
(161) 
the nook on each side of the trachea and do rot extend 
into the thorax. 
Development. 
The thymus appears in the form of two diverticula 
arising from the ventral portions of the third vis- 
ceral pouches. These extend laterally and backwards 
into the surrounding mesoderm in front of the ventral 
aortae. Here they meet to become joined to one 
another by connective tissue, but there is never any 
fusion of the thymus tissue proper. The pharyngeal 
opening of each diverticulum is soon obliterated, but 
the neck persists for some time as a cellular cord. 
By further proliferation of the cells lining the 
divertioulum, buds of cells are formed which become 
surrounded and isolated by the invading mesoderm. In 
the latter, numerous lymphoid cells make their appear- 
ance, and are aggregated to form lymphoid follicles. 
The original epithelial organ ultimately develcp6 
into a structure resembling the lymph glands. Thymus 
rudiments appear to develop from the fourth pouches, 
but these play little, if any, part in the developner_t 
of the thymus proper. 
There are two views as to the nature of the fully 
developed thymus. Hammar, Stöhr, Pappenheimer, and 




epithelial structure - that the epithelial /of which it 
originally consists divide and subdivide, becoming 
smaller and smaller so as to resemble lymphocytes. 
Other observers believe that the epithelial beginning 
of the thymus is, with the exception of a small por- 
tion, entirely replaced by mesodermal elements. 
Involution. Hammar has shown that, in the human 
subject the organ reaches its greatest development be- 
tween the fourteenth and sixteenth years. From that 
tine onwards it gradually loses in weight, but micro- 
scopical investigation shows that it still functions. 
A true atrolhy of parenchyma, with elimination of 
function, comes on about fifty to sixty years of age. 
In Rabbits the organ attains its greatest develop 
ment about the fourth month, while the organism is 
preparing for spermatogenesis. In guinea -pigs it in- 
creases in size until the weight of the animal is 
about 300 grammes, which occupies about two months. 
At this age the animal becomes sexually mature and 
retrogressive changes in the thymus begin to take 
place. 
Histological Anaton . 
A thymus lobule shows a. subdivision into a cor- 
tical and a medullary portion. The cortex presents 
a close resemblance in its structure to lymphoid tis- 
sue 
(163) 
tissue, being crowded with lymphocyte -like cells and 
incompletely separated into nodules by tra.beculae of 
connective tissue. The medulla stains less darkly 
than the cortex and is more tg =i?siso open in its struc- 
ture. It contains three different cellular elements. 
Its reticulum is made up of large, tra.nsparent,branch 
ed cells, which are sometimes arranged in an epi- 
thelioid manner. In the mesehes of the reticulum are 
a certain number of lymphoid cells, but these are less 
abundant than in the cortex. The most characteristic 
elements are the concentric corpuscles of Hassal. 
These structures present a certain resemblance to the 
cell nests of a sáuamous epithelioma. They consist 
of groups of epithelial cells arranged in a concen- 
tric fashion around a nucleus, which consists, appàr -, 
ently, of cells which have undergone degeneration. 
It has been suggested that these bodies are the re- 
mains of the original epithelium, but evidence is 
accumulating against this view. Hammar and Bell 
appear to have shown that they are derived from 
hypertrophic reticular cells. It has been shown by 
\ allisch that the total volume of the Hassal' s cor- 
puscles in a young child exceeds that of the whole 
thymus of a three months embryo, so that it is unlike- 
ly that these bodies are merely developmental 
remnants/ 
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remnants. They form a very striking feature in the 
thymus of the young guinea -pig (Fig.. Cog ) . 
The Evidences of Functional Activity. 
The theory of the possession of an endocrine 
function by the thymus has not yet been firmly estab- 
lished. Wiesel makes the statement that "the problem) 
of the functional importance of the thymus gland is 
almost completely unsolved': In the large amount of 
experimental work which has been.done there has been 
a striking lack of uniformity in results. The diver- 
gence in the results of experimental extirpation are 
probably to be partly explained by the diversity in 
periods of thymic existence at which operation has 
been performed. 
Some authorities hold that there is no sufficient 
! 
evidence to prove the existence of an endocrine func- 
tion, and regard the organ merely as a lymphoid strut -' 
ture. There seems to be little doubt that in early 
life the lymphoid elements in the thymus are concern- 
ed with the formation of lymphocytes for the circulat- 
ing blood. Lymphocyte counts from infancy to 
puberty show a declining curve, the gradient of which 
closely that of thymic involution. Hoskins 
believes that the main function of the thymus is to 
act/ 
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act as a lymphoid organ in infancy and childhood when 
a large number of lymphoid cells and leucocytes are 
needed to combat infection. The possession of such a 
blood- forming function does not, however, exclude the 
possibility of the production of an autacoid substance 
in addition. 
There is now a large body of evidence in favour 
of the belief that the thymus is related to the de- 
velopment of the sex organs and probably also to the 
regulation of metabolism, especially to the develop - 
Iment of the skeleton. The work of Basch has also 
suggested that the thymus is concerned in the caus- 
ation of tetany, as well as the parathyroids, and this 
view has recently received considerable support from 
the observations of Uhlenhuth. 
The evidence in favour of a relationship to the 
development of the sex organs is considerable. It is 
well -known that castration in animals prevents the 
normal involution of the thymus. Noel Paton has 
shown that removal of the thymus in guinea -pigs before 
they reach the age of puberty is followed by a rapid 
development of the testicles. Klose and Vogt also re- 
port more rapid development both of testicles and 
ovaries after thyrectomy. Adler reports that de- 
struction of the thymus by means of the electric 
cautery/ 
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cautery in the larvae of Rana temporaria was followed 
by inorease in the rate of the growth of the gonads. 
It has been shown recently that the thymus is exceed- 
ingly sensitive to X -ray irradiation, and attempts 
have been made to destroy the organ by this means. 
The rsults of the procedure have been conflicting; 
Hewer reports interference with the function of the 
testes, but the findings of Regaud and Crer ien have 
been negative in this respect. 
Many observers, including Hammar and Fischi, 
have reported entirely negative results after re- . 
noval of the thymus, but the weight of the experi- 
mental evidence, in association with the fact that 
involution of the thymus corresponds to the time of 
attaining sexual maturity, suggests that the thymus 
exercises an inhibitors influence on the development 
of the sex organs, and the appearances seer to show 
that the involution of the thymus is consequent upon 
the maturity of the sexual glands. That this, how- 
ever, is not the only factor in producing involution 
of the thymus is shown by the fact that the thymus 
sometimes persists in a fully developed state in 
pregnant animals. 
The relationship of the thymus to regulation of 
metabolism is still extremely debatable. Gudernatsch 
found thymus -fed larvae delayed their metamorphosis, 
although/ 
(167) 
,although the animals grew on this diet, and Uhlenhuth 
'has recently confirmed this observation. Allen,how- 
ever, reports that no effect on the time of metamor- 
phosis is produced by extirpation of the thymus. 
Klose and Vogt, Basch and Lucien and Parisot have re- 
ported interference with the growth of the skeleton 
and other metabolic symptoms after extirpation. of the 
thymus. These are manifested especially by a dimin- 
ution in the length and weight of the bones, and also; 
by a pronounced softness and pliability, so that de- Ì 
formities tend to develop. The undissolved calcium 
is diminished by one half. A lethargic mental con- 
dition is also described. Shimizu has recently en- 
deavoured to destroy the thymus by the use of a strongll 
thymolytic serum. He reports a marked retardation 
of bone growth in young dogs, with extensive atrophy 
of the medullary portion of the thymus. He concludes; 
that the medullary portion has a different function 
from the cortical portion, and that the endocrine 
function of this gland with its influence upon the 
growth of animals must be ascribed to the medullary 
portion only. 
Many observers, however, report entirely negative ! 
results on metabolism after removal of the thymus 
Noël Paton and Goodall were unable to discover any 
harmful/ 
(168 1 
harmful effects after thymectomy in guinea -pigs 
Swale Vincent found that removal of the thymus frogs 
produced no result. Pappenheimer, Park, and others 
have come to similar conclusions. Regand and Cremim, 
after destruction of the thymus by means of X -ray 
irradiation, observed no deleterious effects on the 
health of the animals . Surgical removal in the human 
subject has rarely been followed by harmful results; 
König has reported one case which he believed to pre- 
sent signs of insufficient thymic function following 
thyrectomw . C.H. Mayo considers it advisable to 
leave a portion of thymic tissue behind at operation.. 
Many authorities believe that the harmful effects 
of thymeotomy on metabolism, when they do occur, are 
due to the trauma of the operation and, in some cases, 
to sepsis. ioël ?aton has made an interesting obser- 
vation in this connection. He found that removal of 
the thymus alone, or of the testicles alone, has no 
effect on the rate of growth of the guinea-pig,where- 
as removal of both thymus and testicles produced a 
marked delay in the rate of growth. This observation 
seems to suggest that the thymus furnishes a hormone 
of some kind which ministers to the needs of the 
economy before the reproductive organs are fully de- 
veloped. If the thymus is removed or destroyed, the 
development/ 
(169) 
development of the reproductive organs is hastened and 
they are able to furnish the necessary substance.This 
view is supported by the effects of castration en_ the 
thymus. 
The "status thymicus" of the human subject throws 
very little light on the functions of the thymus. The 
essential nature of this condition is still imperfect- 
ly understood. According to Hart, the hyperplasis of 
the thymus is almost invariably accompanied by enlarge 
ment of the lymphoid tissue throughout the body and 
the condition is practically always one of status 
thymic o -lymphaticus . The swelling of the lymphatic 
apparatus appears to represent a tissue reaction depen- 
dent or the thymus. Mayo believes that the mechani- 
cal theory of thymic death is untenable, except,p.erhaps; 
in isolated cases in helpless infants. Bartel has 
described, in addition to the hyperplasia of the thy- 
mus and the lymphoid tissue, a remarkably small heart 
and also I ypopla.s ie of the aorta and peripheral 
vessels, with altered sex characteristics, and hypo:- - 
plasia. of other structures, for example, the chroma- 
ffin system. The defect it the chroma.ffin system has 
been emphasised by several authors. Hedinger found 
that, out of fifteen cases of Addison's disease,seven 
presented a marked degree of status thymico- lymphaticus. 
Wiesel/ 
(170) 
Wesel believes that the cause of sudden death in 
this condition is a deficiency in adrenalin, so that 
the blood pressure is not maintained and slight 
causes may bring about heart failure. 
The present tendency is to regard the status 
thymico- lyrrrpha.tious as a manifestation of an abnormal 
constitution with a disturbance in the polyglandular 
system of endocrine organs. The importarne of the 
thymic hyperplasía is doubtful. According to Biedl, 
it may be merely a secondary condition, depending on 
disturbance of one or more of the endocrines. In thi 
view , t1°ie condition of the thymus in status thymic o - 
lymphatious is analagous to the hyperplasia which is 
seen in exophthalmiic goitre. Hart believes that the 
hyperplastic thymus produces e toxic effect on the 
heart, but there is no direct evidence as to this 
action. In any case, there is no proof of hyper- 
activity on the part of the thymus and no indication 
as to the function of the normal thymus secretion. 
A toxic effect on the heart, if it exists, is more 
likely to be due to an abnormal secretion than to ex- 
cess of the normal. 
It was found, in the animals examined, that the 
thymus was commonly present in the pregnant, as well 
as in the non - pregnant state. I did not realise to 
begin/ 
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begin with, that the thymus is so frequently persis- 
tent in adult animals, and obtained only three speci- 
mens from the guinea -pig, one in a pregnant animal 
ano. two in non-pregnant. In the rabbit, thymic 
tissue can practically always be identified, and a 
fully developed thymus was found in both pregnant and 
non -pregnant animals. Where a complete gland was not 
present, smaller portions of thymic tissue were found 
embedded in the rnedia.stina.l fat. 
In the guinea -pig the condition of the gland 
seemed to show a distinct relation to pregnancy. In 
the adult non -pregnant guinea -pig the gland showed a. 
considerable degree of infiltration with fat; this 
involved both cortex and medulla, though there,was 
abundant tissue of both varieties in existence (Fig.i Z 
In the pregnant animal, which weighed 640 grammes,the 
thymus had the appearance which is seen in young 
animals (Fig. itt ); it was a compact, highly cellular 
structure with no sign of infiltration with fat. The 
most striking difference between the pregnant and non- 
pregnant animals related to the Hassal's corpuscles. 
In the non -pregnant animal these were exceedingly 
scanty and presented a markedly atrophic appearance, 
being small in size and ill- defined in structure 
(Fig. 113 ) . In the pregnant animal, on the other hand, 
Hassal's/ 
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Hassal's corpuscles were comyaratively abundant, 
though not so plentiful as in the young animal. They 
were large and well developed and the details of their 
structure were plainly visible (F ig. I lL ) . The appear- 
ances in these animals suggest that regeneration may 
take place to a certain extent in pregnancy. hudberg 
has observed regeneration after exposure to the X- ra.ys¡. 
In the rabbit's thymus Ha.ssai' s corpuscles do 
not appear to be ä. prominent feature. They were few 
in number in both pregnant and non - pregnant animals. 
Fig. UP á' shows a corpuscle from a pregnant animal 
with a fairly well- defined structure. The trans- 
parent reticulum cells are sometimes particularly in 
evidence in pregnant animals. The most impressive 
feature in the rabbit was the remarkable degree of 
development which the thymus frequently presents in 
adult animals; it was found as a large, fleshy organ, 
in both the pregnant and non - pregnant conditions, 
filling up a large part of the anterior mediastinum. 
COIICLUSIQIVS. 
1. Since a fully -developed thymus may exist in a 
pregnant animal, the maturity of the sexual crgans is 
not the only factor in producing involution of the 
thymus. 
2. 
I--76.114-- A H/ASSAL S CORPUSCLE FROM A PREGNANT 
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(RoN HAEMATOxYC.iN +- EUSIN h 3O o' 
(17 3) 
2. Thymic tissue is practically always present in 
adult animals, both non -pregnant and pregnant; there- 
fore , it probably continues to exercise its function 
throughout the whole of life . 
3. Hassel' s corpuscles are well- developed in 
pregnant animals. This fact is in favour of the 
view that it is the medullary portion of the thymus 
which is concerned, in its endocrine function. 
F!c- .115-. A HRSSHL'S CQRPUSCLE IN THE THYM us OP 
A RR8BIT /1 DHYS PREGNANT. 
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T Hw. SU PRARENAL S . 
The suprarenals correspond to the majority of 
the endoorines in showing increased activity during 
the period of gestation. The relationship between 
the cortex and the activities of the reproductive sys- 
tem is believed to be close, but Elliott & '?uckett 
have shown, by careful observations of the weight and 
the actual mass of the two parts, that the medulla 
also undergoes enlargement during pregnancy. 
Morphology. 
In all mammals the suprarenals consist of two 
parts - the cortex and the medulla. The arrangement, 
however, represents the fusion of the two organs whict, 
developmentally and morphologically, are widely dif- 
ferent. In fishes, the two kinds of tissue appear 
as two different organic systems, anatomically separ- 
ate from one another and known as the interrenal and 
adrenal. The interrenal system includes all the 
structures which, like the suprarenal cortex, are com- 
posed of cells with lipoid contents; the adrenal 
system comprises all tissues, the cells of which,like 
those of the medullary portion of the suprarenal, are 
characterised by the chromaphil reaction, i.e., they 
present a bright yellow to dark brown staining with 
o hromium/ 
(1'7 5 ) 
chromium salts and with chromic acid. Comparative 
anatomy shows that the two fundamental tissues are 
present in all vertebrates, and are therefore to be 
regarded as structures which are component parts of 
the vertebrate body. 
In mammals , the amalgamation of thé two systems 
is complete. This is the result of the topographical_ 
arrangement by which the adrenal system becomes the 
medullary portion, while the interrenal system becomes 
the cortical portion of the suprarenal capsules. But 
even here, a considerable portion of the adrenal sys- 
tem remains independent. it is distributed along the 
sympathetic system, partly in the form of isolated 
chromaphil cells, and partly in the form of larger 
structures, invariably found at the bifurcation of the 
common carotid artery and at the division of the ab- 
dominal aorta, ana named respectively the carotid 
gland and Zunkerkandl's accessory organs of the sympa- 
thetic system. The greater number of what are usual- 
ly called accessory suprarenal organs are rather free 
portions of the interrenal system. They are found in 
the neighbourhood of the suprarenals-; in the substance 
of the kidneys; and distributed through the whole of 
the retroperitoneal space and extending downwards int 
the pelvis, chiefly in the broad ligament in women an. 
in/ 
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in the v io inity of the spermatic cord and testis in 
men. 
The guinea -pig is c onspic ious among mammals by r 
the huge development of its suprarenal, growth 
being chiefly of cortex. Elliott & Tuckett have shown 
that,relatively to body weight, its medulla is slight- 
74 less than that of the dog, both, however, being 
high for mammals; but its cortex is tenfold as great 
as the dog's. Mammals generally, are characterised by 
the great development of the cortex, whereas in birds 
the medulla shows a marked development. It appears 
that the lower the animal in the scale of vertebrates 
the larger is its stock of chromaffin tissue. The 
suprarenal of the rabbit shows certain differences 
from that of the guinea. -pig, especially in the arrange- 
ment of the cells of the cortex, and forms a useful 
standard for comparison with the suprarenal of the 
latter animal. 
Development. 
The cortex and medulla of the suprarenal of mam- 
mals develop from entirely different sources. Balfour 
expressed the view that ' *in Elasmobranch fishes we 
have (l) a series of paired bodies derived from the 
sympathetic ganglia, and (2) an unpaired body of meso- 
blastic origin. In the ammiota these bodies unite 
to/ 
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to form the compound suprarenal bodies, the two con- 
stituents of which remain, however, distinct in their 
development. The mesoblastic constituent appears to 
form the o o,rt is al part of the adult suprarenal body, 
and the nervous constituent the medullary part': This 
hypothesis has been fully supported, and the obser- 
vations leading to it have been completely confirmed 
by all subsequent , ork upon the embryology of the sup- 
rarenals. 
The cortex of the suprarenal is the direct des- 
cendant of the mesoderm. It is developed from the 
coelomic epithelium in the so- called interrenal zone. 
It becomes first recognisable about the beginning 
of the fourth week as a series of buds from the ooelo- 
mic cells at the root of the mesentery. These buds 
appear about the same time as the sex glands. Later, 
the cortical portion becomes completely separated 
from the c oelornic epithelium and forms a suprarenal 
ridge projecting into the ceolom between the meso- 
nephros and the root of the mesentery. 
The medullary portion of the suprarenal is de- 
rived from the ectoderm, presenting a close relation- 
ship to the sympathetic system and developing as part 
of it. In mammals, at the time when the cortical 
portion has become clearly defined and histologically 
differentiated/ 
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differentiated, undifferentiated sympathetic elements 
wander from the principal mass of the abdominal 
plexuses to the cell- columns of the interrenal bodies. 
These cells migrate along the line of the central vein 
and make their way between the cell agglomerations and 
columns of the interrenal tissue. This intrusion of 
sympathetic elements is continued during the whole of 
foetal life, the interrena.l.system becoming entirely 
interwoven with these elements, as is seen in the com- 
plicated suprarenal of birds. In the rabbit, also, 
the intermingling of medullary and cortical elements 
sometimes presents in adult life (1'ig.11s'4 ) . At about 
the beginning of the fcurth month, the cells of the 
medullary portion acquire the chrome -brown colour 
which is their chief characteristic. 
Histological Anatomy. 
Structure of the Cortex: The connective tissue cap- 
sule of the suprarenal is connected with the centre 
of the organ by means, partly of thickish strands con- 
-veying the nerves and blood -vessels, and partly by 
delicate connective tissue lamellae which radiate from 
the periphery to the centre. The arrangement of th 
lamellae subdivides the cortex roughly into the three 
zones originally described by Arnold. A short dis- 
tance from the çal:sule, the vertical lamellae are con - 
nected 
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connected by oblique and transverse strands and by 
this means the outer oortioal zone is defined = the 
zona glomerulosa. Beyond this the radial arrangement 
of the connective tissue strands becomes more open, 
enclosing parallel spaces in which isolated conneotive 
septa conveying capillaries are arranged transversely 
and diagonally. In this region of parallel lamellae 
are the cells of the zona .fasoicula.ta. This zone is 
particularly well developed in the rabbit. In the 
innermost part of the cortex, the connective tissue 
processes beoome still more delicate and, in the 
neighbourhood of the medulla, they break up into a fine 
net -work of delioate connective tissue threads, in the 
meshes of which single parenchyma cells are situated - 
the cells of the zona. retioularis . 
The cells of the cortex are mainly arranged in 
solid cell columns without a cavity - the cortical 
oolumns of Këlliker. These cell columns are usually 
composed of a single row of polygonal cells, though 
occasionally of two or three. The columns are best 
seen in the zona fa.sc ic.ulata.In the zona glcmerulosa 
they end in rounded and sometimes hollowed -out termi- 
nations. The cells of this zone are polygonal in the 
guinea-pig (Fig.l19) and in the rabbit - not columnar 
as is frequently the case. The question as to whether 
the/ 
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the cells . of the zone. glomerulosa encloses a definite 
lumen has been carefully investigated by Stoerk. He 
showed that, under normal conditions, there is no free 
space within the loop-like arrangement of the cell- 
cylinders, although the apiearance of these sometimes 
closely simulates a lumen. Where, for instance, 
owing to the overfilling of the suprarenal vessels, 
there is extravasation of blood into the external cor- 
tical layer, the cell o olumrs become detached from the 
connective tissue by whioh the vessels are converged; 
thus, appearano es are produced which, where the intra - 
vasculá.r blood is not demonstrable as such, bear a 
misleading resemblance to transverse and oblique sec- 
tions of glandular acini. This affect is heightened 
by the fact that compression of the cell contents pro- 
duces an apparently basal position of the nuclei. 
From the nature of his findings, Stoerk is convinced 
that the suprarenal does not assume the formation of 
a true gland either under normal or pathological con- 
ditions. 
The cells of the zona faso ioulata are also poly- 
gonal and occasionally elongated in the direction of 
the column. In the rabbit and the guinea -pig they are 
fregi ently larger than in either the zona glomerulosa 
or the zona reticularis. In the zone reticularis the 
cells/ 
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cells are arranged in branching trabeculae. The cells 
in this zone tend to be somewhat oblong in the rabbit, 
but are generally rounded in the guinea -pig. 
The most striking characteristic of the cortical 
cells in most animals consists in the presence of the 
lipoid granules which they contain. The granules 
are soluble in fat solvents, but differ from ordinary 
at 
/by their extreme solubility in essential oils. When 
xylol is used in the preparation of sections the gran 
ules disappear and leave behind a vacuolated appear- 
ance of the protoplasm. They do not stain with fuck 
sin, methylene blue, or other similar colouring agent 
but stain vividly with the specific stains for. fat. 
The cells of the suprarenal cortex also contain 
pigment. The pigment-containing cells form a much 
wider zone in the guinea-pig than in the majority of 
other mammals. Elliott & Tuckett state that the 
guinea -pig is almost unique in their possession, but 
I have found a similar zone in the rabbit, and Browne 
and i+'lint describe similar granules in the suprarenal 
of the human foetus. In the guinea -pig the pig- 
mented cells form a well -marked strip in the region 
adjacent to the medulla (Fig.tt1 ). They can be readi -} 
ly seen in the unstained specimen and show up well 
after staining with iron haematoxylin. They stain 
with 
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with eosin and other 'solid dyes. In many cases the 
individual granules are exceedingly small and may be 
almost ultra-microscopic, so that the cells may be 
tinted brownish -black by their presence, though the 
granules themselves may be barely visible (Fig IL ). 
These granules do not give the chromophil re- 
action and are quite distinct from those of the cells 
of the medulla. They differ from the granules in 
the medullary cells also in being much finer and of 
a brownish hue. In Fig. I ic/ is seen a high power 
view of adjacent portions óf the cortex and medulla. 
The cells of the medulla contain well-marked coarse 
granules; the granules of the adjacent cortex are 
much more numerous, so that they completely fill the 
cell, and are very much finer than those of the 
medullary cells. The distinction between cortex and 
medulla in this way is sharply defined. 
Browne and Flint have described similar .gran- 
ules in the zona. reticularis of the human suprarenal. 
Browne states that they are not only found in the 
cells of the zona. reticularis but commonly extend 
into the zona f asc iculata and sometimes to the surfac 
of the gland. 
The breadth of the pigmented zone in the guinea 
pig depends partly on the age of the animal and party 
as will be shown later, on the state of functional 
activity/ 
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activity of the suprarenal. The zone certainly does 
not correspond to the anatomical zona reticula.ris. It 
commonly includes the whole of the zona re,ticularis 
and may extend back for a varying distanoe into the 
zona faso ioulata. 
Elliott & Túckett have also described in the car 
tex a doubly refractive substanoe which is soluble in 
ether. This differs from the lipoid granules in its 
distribution. In the guinea -pig the lipoids are 
usually most abundant in a heavily-loaded belt in the 
outer half or third of the cortex, while the doubly 
refractive substance is described as being scattered 
very lightly over all. 
In connection with the suprarenal cortex,mention 
must be made also of the so- called '*boundary zone" of 
the human foetus. Elliott & Armour have stated that 
the relatively large size of the suprarenal of the 
foetus is due to a marked development of the inner 
part of the cortex. The cells of the boundary zone 
are said to differ from those of the rest of of the 
cortex, in having no lipoid granules. After birth, 
the zone gradually disappears and is no longer visible 
after the first year. At birth, the portion repre- 
senting the adult cortex forms a thin strip towards 
the surface of the gland. These observers found that 
in/ 
(184) 
in the anencephalous foetus the boundary zone is 
absent; it must be noted, however, that this obser- 
vation was made on a single spec imen. 
Browne has recently re- investigated the condition 
of the suprarenal in the normal and in the anencepha- 
lous' foetus, five specimens of the latter being ex- 
amined. He denies the existence of a .'boundary zone'; 
but finds that in the normal foetus the zona reticu- 
laris is relatively much wider than in the adult 
suprarenal. He states that lipoid granules are 
abundantly present in all the layers of the cortex, 
an observation which traverses that of Elliott and 
Armour. Browne regards the diminution of the thick- 
ness of the zona reticularis during the first year of 
life as merely a re- arrangement of the cells, and 
finds that the pigment granules which are limited to 
the zone reticularis before birth become abundantly 
present in the zone fa.sc iculata afterwards. He be- 
lieves that a further ingrowth of the bundles of 
fibrous tissue separating the columns of the zona. 
fa:sciculata takes place, and transforms the net work 
of the outer portion of the zona reticularis of the 
foetus into parallel columns. In the anencephalous 
foetus he finds that the zona fa.scicula.ta is relative- 
ly thicker than in the normal foetus, and that the 
zona/ 
F./6.120. 771E MEDULLA OF THE ..qt/PRHRENAL IN THE aWNEA- 
--P(G. cELLS ARE SEPARATED F/Zory THE BLOOD 5PficEs' 
gY R VERY TI41/V LAYER OF ENDoTHELI</ifq. 
tRont Hnebia-roxYzjiv 0.8'0 
(185) 
zona reticularis forms about one half of the cortex. 
The latter zone is relatively narrower than in the 
normal foetus, but is not the mere strip described by 
Elliott & Armour. 
Structure of the Medulla: The medulla of the supra- 
renal is the most vascular structure in the body. It 
forms a solid cell -mass permeated by large sinus -like 
blood -vessels with the cells compactly arranged be- 
tween and around them. The cells are supported by 
delicate strands of connective tissue. They are 
irregularly polygonal in shams e, but when they abut on 
the sinuses they often assume a. more columnar aspect. 
The cells are always placed close against the blood - 
vessels (I ig.11.0 ) and, as a rule, are separated by the 
endothelium only, though occasionally also by a deli- 
cate tissue sheath, from the lumen of the capillaries 
and the enlarged sinus -like veins. The cytoplasm 
contains numerous granules,which vary in size in dif- 
ferent animals. In the guinea -pig they are compara- 
tively coarse and are readily observed; they are more 
delicate in the rabbit. If the fixation has been 
satisfactory they are found to be scattered fairly 
uniformly throughout the cytoplasm. They are most 
readily observed in specimens stained with iron ha.ema- 
toxyliñ; they stain also with eosin. 
Blood/ 
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Blood-Supply and Nerve-Supply. 
The blood -supply of the cortex is represented by 
fine arteries which run inwards from the capsule to 
the medulla in the connective tissue that lies be- 
tween the columns of cortical cells. The vessels do 
not penetrate the cell columns of the zona glcmeru- 
losa and the zona. fasciculata, but are restricted to 
the supporting connective tissue. On reaching the 
zona reticularis they become enlarged and come into 
close relationship with the cells. The vascularity 
of the medulla, as already mentioned, is one of its 
most striking features. The sinuses with which it 
is permeated are lined with a single layer of thin 
endothelial cells which are in direct contact with 
the cells of the medulla. Lymphatic vessels are 
present in the connective tissue of the cortex .and 
these open into the lymph spaces of the medulla. 
The nerves of the suprarenal are abundant.. They 
are derived from a net work of nerve fibres in the 
capsule of the organ, and the nerve supply of this 
plexus comes partly from the suprarenal plexus ,formed 
by twigs from the coeliac, phrenic, and renal plex- 
uses, and partly from the splanohnic nerve. The 
nerve fibres are partl 7 distributed to the vessels 
and cells of the c orte7, , but the majority pass into 
the medulla where they form a dense plexus from which 
filaments pass to the secretory cells. 
The/ 
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The Histological Evidences of Secretory Activity. 
In view cf the different origin of the cortex and', 
the medulla and the differences in structure, it is 
commonly believed that the functions of the two parts 
are quite distinct. Some observers, however, believe 
that there: is a physiological relationship between the 
two regions, especially in view of the fact that the 
blood -vessels of the cortex pass directly into the 
medulla. It is convenient to consider the two parts 
separately, in the first instance. 
Secretory Activity in the Cortex. 
The evidences of secretory activity in the cor- 
tex which appear to be of most importance are the pig- 
ment granules and the lipoids. The doubly refracting 
granules described by Elliott & Tuckett are of doubtful 
significance. Aschoff adopts the view that they may 
represent only a. modification of the ordinary lipoids - 
a special sort of storing up of fats. He believes 
that they are composed of c holesterine esters, and 
this view is endorsed by Biedl. In Biedl's opinion 
they are not to be regarded as products of secretion 
destined to be carried off by the blood-stream. 
The pigment granules in the deeper part of the 
cortex appear to represent secretion products which 
c a.n / 
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can be quickly utilised by the body. According to 
Elliott and Tuckett, they disappear rapidly with 
muscular work and re- accumulate with rest. In the 
no 
young guinea -pig, the suprarenal contains cortical 
pigment and the fat is distributed throughout the 
cortex. With growth the brown granules appear and 
may finally occupy more than three- fourths of the 
diameter, the dark ground so held being enveloped by 
a thin shell crammed with the fatty material. In view 
of the fact that the medulla does not grow after 
adolescence, it might be urged that the same is true 
of the fat -producing cells of the cortex; that the 
latter have simply been borne outward on the swelling 
mass of those required to produce.the granules, and 
that the great specific enlargement of the guinea - 
pig's cortex is caused simply by the addition of these 
special cells. Elliott and Tuckett have shown that 
this is not the case. In conditions under which it 
may be assumed that the gland is exhausted, as in 
poisoning by diphtheria toxin, the fatty substance 
sweeps over the entire cortex and completely replaces 
the brown granules. Similarly, the granules may all 
disappear in a couple of days under the extra demand 
made on the remaining tissue when one half of the 
suprarenal has been removed. 
An/ 
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An examination of the suprarenal of the guinea - 
pig suggests a subdivision of the cortex into three 
physiological zones, which differ to a certain extent 
from the familiar anatomical zones. The physiologi- 
cal zones appear to be (1) the zona glomerulosa,which 
seems to be distinct from the others, physiologically 
as well as anatomically, (2) the lipoid zone, and. (3) 
the pigmented zone. The cells of the pigmented zone 
are quite characteristic, both in guinea-pigs and in 
rabbits. They are spheroidal in shape; the nucleus 
is generally eccentric in position; and the proto- 
plasm contains abundant fine brownish granules. The 
number of the granules varies in different cells; 
some are so full as to appear almost black and indi- 
vidual granules cannot be identified; in others the 
granules are less numerous and the individual granules, 
can be plainly seen (Fig. 11g ) . 
This zone shows variations in size under certain 
conditions. .fis already mentioned, the granules tend 
to disappear in states of exhaustion. Apart from 
such conditions, Elliott and Tuckett relate the size 
of this zone to the body weight of the animal. 
An examination of the series of pregnant and non- 
pregnant animals shows that this zone presents a dis- 
tinct relationship to the activities of the repro- 
ductive/ 
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reproductive system. It can be shown in the first 
place that the size of this zone does not depend en- 
tirely on body weight, other conditions being normal. 
In Fig. â the uper illustration is taken from the 
suprarenal of a non -pregnant female guinea -pig of 560 
grammes and shows a very narrow pigment zone; Fig. , 2 
shows a. much wider zone in a male animal of only 325 
grammes. A group of 5 male animals, varying in 
weight from 325 to 880 grammes, was examined, and in 
all cases the cortex showed a wide pigment zone, quite 
independently of the bode weight. It has been shown 
by Noël Paton and Goodall that a guinea -pig of 300 
grammes is sexually mature, so that the large size of 
the pigment zone seems to be dependent upon the attain- 
ment of an active state of the reproductive system 
rather than, on the size of the animal. In the female 
this development of the pigment zone seers to be de- 
layed until pregnancy is well established. At this 
period the size of the pigment zone corresponds to 
that seen in male animals. In the early stages of 
pregnancy in animals of a lighter weight, where the 
animal is presumably a. primipara, the zone ryas still 
be small, resembling that of the non -pregnant animals. 
It may be note here that the suprarenal of the 
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external shape in the course of a first pregnancy. 
In virgin animals it presents a triangular appearance 
on cross section, the surfaces being flattened and 
the borders well- defined. In the later stages of 
pregnancy the cross section is rounded or ovoid, the 
gland having become enlarged and the borders rounded 
off. 
In non -pregnant guinea -pigs the pigment zone was 
usually a narrow strip in comr:arison with that of 
pregnant animals. Exceptions to this rule were pre- 
sent in three large females of approximately 600 
grammes in weight. These showed a pigment zone of 
a size corresponding to that seen in the later stages 
of pregnancy. The condition in these large, probably 
multiparous,females presents a resemblance to the 
pituitary enlargement which occurs in a first preg- 
nancy and which remains permanently, though to a 
slightly diminished extent. Comparison is suggested- 
also with the areola of the mammary, gland in the 
human subject; in the early months of pregnancy this 
becomes pigmented and never returns to the virgin 
condition, though the degree of pigmentation dimin- 
ishes at the end of pregnancy. 
The state of the pigment zone in guinea- pigs 
may be summarised:- 
(1) In all sexually mature animals - over 300 
grammes/ 
(19". ) 
grammes in weight - there is, under normal physio- 
logical conditions, a large pigment zone. This zone, 
no doubt, becomes diminished in size by musoular work 
and other conditions causing expenditure of energy - 
as Elliott and Tuckett have shown - but a large zone 
represents the normal state. The early development 
of the pigment zone in males of light body weight - 
presumably young animals - suggests that the male 
gonads are more directly dependent on the activities 
of the endocrines than the female. The experiments 
of Foil on the pineal body support this view. 
(2) The size of the zone does not depend on 
body weight alone. In fully -grown non -pregnant fe- 
males it is sometimes a narrow strip. 
(3) In the later stages of pregnancy it forms 
a large zone, corresponding to the condition in the 
sexually mature male animal. 
(4) In virgin females the zone is generally 
small. In multiparous females which are non -preg- 
nant, the zone is of considerable width, but the cells, 
in some cases at least, appear to contain less pig- 
ment than in pregnant animals. 
In the rabbit the pigment zone is much less de- 
veloped than in the guinea -pig. In the non -pregnant 
animal it forms a very narrow strip, the cells of 
which/ 
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which contain only a small amount of pigment (Fig. (24 ) 
In pregnancy, however, it forms a fairly broad, deeply 
pigmented zone. In this animal also the development 
of the pigment zone appears to present a close re- 
lationship to the activities of the reproductive 
system. 
It is generally believed that the lipoids of 
the suprarenal cortex are increased in amount in preg- 
nancy, though a quantitative estimation does not 
appear to have been made. I have not been able to 
satisfy myself, from the histological appearances, 
that there is any constant relationship in this direc- 
tion. In the guinea -pig the lipoids are contained 
mainly in a belt which lies between the pigment zone 
and the zona glomerulosa, though they extend into 
both the other regions. They are commonly abundant 
in pregnancy, but in some cases they are scanty in 
amount. On the other hand, they are sometimes plenti 
ful in non - pregnant animals, esi,.ecially in those of 
large size. 
The zona glomerulosa also appears to undergo 
little alteration in pregnancy. In the guinea -pig 
the cells of this zone stain more darkly, both with 
basic and with acid stains, than those of the lipoid 
zone and the zona. glomerulosa is quite sharply de- 
fined. It is never more than a thin strip at the 
surface/ 
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surface of the gland and does not a.Jpear to undergo 
arw enlargement in pregnanoy. .
Secretory Aotivity in the Medulla. 
It has been shown by Elliott and Tuckett that 
the medulla undergoes distinct enlargement in preg- 
nancy, although to a much less degree than the cortex. 
The increase is probably partly due to increased vas- 
cularity, but it oan be shown that cellular changes 
also take place. The cells of the medulla have been 
described as being generally polygonal in shape and 
as possessing granules in their protoplasm. The sig- 
nificance of these granules has been variously inter- 
preted. Stoerk and v. Haberer have stated that the 
characteristic granules of the protoplasm of the 
suprarenal medulla are not cast out into the lumina of 
the blood -vessels. In their opinion these granules 
represent structural units which are possibly to be 
regarded as the seats of chemical aotion whose pro- 
ducts are to be looked upon as the true secretion 
material of the medullary cells, which materials pass 
into the blood by some such process as diffusion. 
These authors believe that the fluid secretion product 
is the true bearer of the chromaphil reaction of the 
medullary cells, the granules having the reaction 
only in their secretory phase, when they are just 
forming/ 
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forming the chromaphil substance. They state that 
the fluid secretion can be recognised intracellularly 
in both the protoplasm and the nucleus, and extra - 
cellularly, in admixture with the serum of the capil- 
lary and venous blood. Besides the typically fine 
granules of the medullary protoplasm,they describe - 
coarse structures which occur on the side of the 
cells turned towards the vessels and which reveal a 
different staining reaction from the granules. I 
have been quite unable to identify the coarse struc- 
tures mentioned; the medullary granules are usually 
distributed uniformly throughout the entire cell. 
Carlier, on the other hand, believes that he wa 
able to., observe the granules in the blood channels 
and in different stages of elimination from the cells 
aultgren and . ndersñon also believe that they observed 
the passage of the granules from the o ells into the 
blood -vessels, and Félic ine described the granules in 
the intercellular canals and lacunae. 
Crile, in connection with his work on surgical 
shock, has described very strikingly variations in 
the appearance of the medullary oells. he finds that, 
under the influence of such causes as trauma, haemorr- 
hage, loss of sleep, muscular exertion, or excessive 
emotion, the granules undergo a marked diminution in 
number/ 
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number and a falling -off in distinctness of staining. 
The contrast was impressively demonstrated in the 
adrenals of salmon; one group was examined in the 
resting state at the mouth of the Columbia hiver and 
the other at the end of their 700 miles journey to the 
spawning grounds. In the second group the granules 
in the medullary cells had become much reduced. 
In pregnant animals the medullary cells . are, as 
a rule, more uniformly full of granules than in non- 
pregnant animals. Figs./1414/2.4i show the appearance 
of the cells in the pregnant condition. The cells 
are crowded with coarse granules distributed uniformly 
throughout the protoplasm. In Fig. /2e- a. portion of 
the medulla of a non - pregnant animal is shown. The 
granules are fewer in number and not sharply defined 
as in the Other examples. The appearances vary, to 
a certain extent, in different parts of the medulla, 
but the general rule is that in pregnant animals the 
granules are more generally abundant than in non- 
pregnant. 
The medullary cells also show a very constant 
difference with regard to their shape and size in 
pregnant and non -pregnant animals. In non -pregnant 
animals they are mostly polygonal and quite irregular 
in shape. In pregnant animals the cells are dis- 
tinctly/ 
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distinctly larger and they show a well -marked tendency 
to assume a columnar form (Fig. 149). In these elong- 
ated cells the nucleus usually lies towards the end of 
the 
cell which is away from the blood -channel, whereas in 
non- preg?fnt animals the nucleus is commonly central 
in position. The medullary secretion is often plain- 
ly visible in the blood channels, but I have not ob- 
served any constant difference in the amount of this 
secretion between pregnant and non -pregnant animals. 
The appearances of the cells of the medulla in 
pregnancy, as compared with those in the non -pregnant 
state, support the belief that the granules represent 
the secretion products, and illustrate the condition 
of increased functional activity which exists in preg- 
nancy. 
Significance of the Signs of Aotivity in Pregnant 
Animals. 
The difference in origin between the cortex and 
the medulla and the relationship of the two parts in 
fishes suggest that the function of the cortex is 
entirely different from that of the medulla. Evidence 
is accumulating , however, to show that the two parts 
are intimately related from the physiological point of 
view. The fact that the cortex and the medulla are 
united 
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unite' to form one organ in man and the higher animals 
and the arrangement of the blood-supply, by which the 
blood reaches the medulla after having passed through 
the cortex, suggest that the anatomical relationship 
is necessitated by a physiological interdependence. 
Cramer has furnished convincing evidence to show that 
the cortex takes port in the functional activity of 
the medulla and that the two parts are not physio- 
logically interdependent. Certain functions, however, 
have been assigned to the cortex alone. The relation 
ship to the reproductive system seems to concern the 
cortex rather than the medulla. This is evidenced 
by the much greater increase in size of the cortex in 
pregnancy. The close relationship between the size 
of the pigment zone and the activities of the repro- 
ductive system, which has just been described,strongly 
supports this belief. 
Further evidence of the relationship to.the sex- 
ual functions is supported by the results of patho- 
logical affections of the suprarenals. Gallais has 
recently observed and collected a number of cases in 
which tumours of the supra.renals have given rise to 
striking. abnormalities in the development of the re- 
productive organs. Barker describes three possible 
results of hyperactivity on the part of the suprarenal 
cortex/ 
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cortex. (1) Pseudo- hermaphrodism. This condition 
is believed to be due to a congenital form of hyper - 
interrenopathy, commencing before birth. The true 
sex of the person depends upon the character of the 
internal sex organs. The external genital organs of 
the pseudo-hermaphrodite usually resemble those of th 
sex opposite to that to which the patient really be- 
longs. (2) Premature puberty. This is believed 
to be an early postnatal form of hyperinterrenopathy. .
The patients appear normal at birth but soon become 
obese. The growth is abnormally rapid: an d premature 
development of the secondary sexual characters takes 
place. l airy of these cases suffer from tumours or 
hyperplasia of the suprarenal cortex. (3) Adult 
hirsutism or virilism. This is believed to be a late 
or adult form of postnatal hyperinterrenopathy. The 
condition usually affects women between sixteen and 
twenty. The patient tends to acquire masculine 
characters, the most oharacteristic feature being the 
change in the number and distribution cf the hairs; 
a beard develops and hair appears on the chest, ab- 
domen, and elsewhere. These patients commonly suffer 
from a tumour of the suprarenal cortex. 
The feeding of young animals with suprarenal cor- 
tex appears to stimulate the growth of the testes, 
though/ 
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though Hewer has recently described degenerative 
changes similar to those produc e i by exposure to the 
X -rays. Grafting experiments have usually been un- 
successful, but recent experience in the human subjec 
seems to show that this affords a promising field for 
further research. Tanner transplanted a suprarenal 
removed from a foetus just before death into the 
testicle of a patient suffering from Addison' s. disease.. 
The patient has improved considerably. and the graft 
can be made out as a nodule in the testicle. Trans - 
plá.ntation of the suprarenal into another organ appears 
to be more likely to be followed by success than 
merely grafting under the skin.. 
The significance of the pigment in the cells of 
the cortex has been the subject of repeated investi- 
gations. Elliott and Tuckett believed that the guine 
pig was almost unique in its possession, but Flint 
and others have described the pigment in the human 
suprarenal. As already mentione L, it forms a well- 
developed zone in the pregnant rabbit. Findlay has 
shown that it is abundant in infancy and also in 
chronic diseases, such as tuberculosis, syphilis, and 
carcinoma, which are' associated with cell depression. 
Bauer has recently advanced the opinion that the cor- 
tex detoxicates the waste products of the inter- 
mediary/ 
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intermediary metabolism which are present in the cir- 
culation even under physiological conditions. The 
chief product of the purin metabolism presents uric 
acid. The latter, according to Bauer, is also the 
mother substance of pigment. The melanin of the cor- 
tex, or oxidised uric acid, is elaborated into ad- 
renalin by a process . of destruction and by repeated 
processes of reduction in the medulla.. The oxidation 
of uric acid in the cortex serves a double purpose; 
to keep the pigment in the cortex in equilibrium, and 
to oxidise the raw material for the medulla, rie 
found the suprarenals much enlarged in patients who 
died from chronic nephritis , especially in those with 
contracted kidneys. Simultaneously with the large 
size of the suprarenal glands, the cortex was unusual 
ly broad and it showed a pronóunc ed increase in pig- 
ment. He believes that the increase in size in then; 
oases is due to the excess of uric acid, the result 
of the deficient kidney function. If the suprarenals 
are overworked and unable to deal with the excess of 
pigment, it becomes deposited in the skin, where it 
may become oxidised to pigment. He found that, after 
incubation, the skin from uraemic patients showed a 
marked brown colour. Bauer has demonstrate l , by 
careful microchemical tests, the presence of uric aci 
in/ 
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in the oortex. Wolf and Thacher have shown that in 
IIddison's disease there is a marked retention of purin 
bases in the blood. It appears from these obser- 
vations that the pigment.in the cortex is the pre- 
cursor of the adrenalin in the medulla. The increase 
in the pigment zone in pregnancy, if this view is cor- 
rect, may be regarded as possibly a preparation for 
the increased demand for adrenalin which must exist 
during parturition. 
The significance of the lipoids is still extreme- 
ly debatable. :ia.ny observers, and especially those 
of the French school, believe that the cortex repre- 
sents the factory for lipoids; other authorities con- 
sider that the cortex acts rather as a storehouse for 
lipoids produced elsewhere and carried to the supra- 
renal by the blood- stream. Against this latter view 
is the observation of Federici that there was no 
diminution in the amount of the lipoids in animals 
which were starved to death. This observer also 
found no change in the lipoids of bats or dormice 
relative to hibernation. It has been mentioned that 
no constant relationship was found to exist between 
the amount of lipoids and the pregnant state, so far 
as could be made out by histological examination. 
Few attempts have been made to assign a specific 
function to the zona. glomerulosa. Browne, from his 
observations/ 
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observations on anenoephalous and normal foetuses, 
has proferreci the suggestion that it may present a 
relationship to the anterior lobe of the pituitary. 
He finds this zone increased in size in anencephalous 
foetuses,and thinks that this may represent an attempt 
to assume the function of the absent pituitary. He 
mentions, in support of this suggestion, the fact that 
there is 'a certain resemblance,.in appearance between 
the cells of the zona glomerulosa and those of the 
anterior lobe of the pituitary. Beyond the fact that 
the cells of the zona glomerúlcsa of pregnant animals 
stained readily with acid stains, the appearance of 
the zone in the animals examined furnished no ev idenc 
in support of this view. There was no indication of 
an increase in size such as takes place in the pars 
anterior of the pituitary in pregnancy. 
The characteristic function of the medulla is the 
production of adrenalin. The manner in which this is 
utilised by the body is still under discussion. It 
was found by Oliver and Sohgfer that even in the bloc 
of the suprarenal vein there is not always enough of 
the autacoid to cause a rise of blood -pressure when a 
few cubic centimetres were injected into a vein. 
Stewart, Rogoff, and Gibson devised a method recently 
which shows thát normally a small amount of adrenalin 
passes more or less continuously into the circulation. 
Blood/ 
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Blood from the suprarenals was collected in a. pocket 
of the inferior vena cava., which was made by a.plying 
clamps to this vein above and below the level of the 
suprarenal veins . An animal in which tho iris_ had 
been sensitized towards the action of adrenalin by 
prior removal of the superior cervical sympathetic 
ganglion was employed. It was found that after the 
pocket had been allowed to fill with blood, removal 
of the upper clamp caused the pupil to dilate. It has 
been shown, however, that the amount in the suprarenal 
vein is normally vers small - not more than one part 
in a million. No effects were observed on the gen- 
eral health or the blood pressure of animals in which 
the suprarenal of one side was removed, and the nerve 
control of the opposite gland severed, although it is 
evident that very little adrenalin could have been 
present in the blood. The amount under these con- 
ditions has been estimated at not mere than one part 
in 400 million parts of blood. 
Since a " tonus" hypothesis of the medullary 
function is untenable, an -emergency" hypothesis has 
been brought forward, chiefly owing to the work of 
Cannon. He believes that adrenalin is secreted into 
the blood in supernormal amounts when certain emergen- 
cies arise, such as asphyxia or conditions of extreme 
emotion, such as fright or fear. In his earlier 
researches a catheter was passed through a slit in 
the/ 
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the femoral vein so as to lie in the inferior vena 
cava opposite the suprarenal veins. Blood was removed 
and tested for adrenalin by observing its effect on 
an isolated strip of intestine. The original experi- 
ments of Cannon were oritio ised by Stewart and Rogoff 
and these observers were unable to verify his con- 
clusions. Cannon has repeated his earlier obser- 
vations by e. method which would not entail loss of 
blood, and employed a denervated heart as the test 
object. It has been shown by Levy, Gasser, and ;:Meek 
that this responds to extremely small concentrations 
of adrenalin. He found that these later experiments 
verified his original conclusions in every respect. 
The 'emergency" hypothesis of the medulla bears 
an important relationship to death under anaesthesia. 
It has been suggestel by levy that death in the early 
stages of anaesthesia is sometimes due to the sudden 
liberation of a large amount of adrenalin. This is 
believed to act as an overdose to the heart 'and to 
bring about arrest in a state of delirium nordis': 
The question is of importance also in relation to the 
operative risk in cases of toxic goitre. It has 
been shown that the suprarenels in this condition are 
in a state of hyperactivity and sudden death during 




The observations of Crile, in his investigations 
into the nature of surgical shock, appear to have 
shown that the granules in the medullary cells are 
utilise i by the body in conditions associated with 
expenditure of muscular energy. The accumulation of 
granules and the active state of the cells in pregnant 
considered 
animal., in relation te the views of Cannon and Crile, 
are probably to be interpreted as a preparation for 
the expenditure of muscular and other energy at the 
time of parturition and in the later stages of preg- 
nancy. The medulla, therefore, may be regarded as 
possessing, to a certain extent, a storage function, 
such as 1s seen in a number of the other endocrine 
glands. 
CONCLUSIONS. 
1. The cells of the pigment zone of the supra- 
renal cortex are characteristic in their appearance in 
guinea -pigs and in rabbits. The zone is especially 
well developed in the guinea -pig, bit is also preset 
in the rabbit. 
2. The size of the pigment zone does not depend 
on body weight alone. In fully -grown non -pregnant 
female guinea-pigs it sometimes forms a narrow strip. 
3. The zone presents e close relationship in its 
development 
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development to the activities of the reproductive 
system. 
1. It reaches to full development at an earlier 
ddte in male animals than in female. This suggest 
that the. male gonads are more directly dependent on 
the activities of the endocrines than the female. 
5. In the later stages of pregnancy it forms a 
large zone corresponding to that seen, in male animals 
In non -pregnant virgin females and in the early stage 
of a first pregnancy it forms a small zone. 
6. In non -pregnant rabbits the pigment zone is 
faintly marked; in pregnancy it forms a prominent 
feature of the cortex. 
7. Th: lipoids of the suprarenal_ cortex present 
no constant relationship to the pregnant state. The 
zona glomerulosa undergoes no change in pregnancy. 
8. The cells of the medulla show an increase in 
size and a tendency to a columnar shape in pregnant 
guinea-pigs. The granules which they contain are 
distinctly increased in pregnancy. 
D. The increase of the granules in pregnancy 
lends suport to the view that they represent the 
secretion products of the cells. 
In/ 
(-oc) 
In conclusion, 1 have tc express my great in- 
debtedness to Professor Robinson for the facilities 
placed at my disposal in the Anatomy Department for 
the carrying out of this work and for much instruction; 
encouragement, and advice. 
I have also. to thank íßr. Lewis :3eeslyl , J.M. 
Graham, and Mr. F. E. Jardine for several operation 
specimens of pathological conditions, and Dr. . A. 
Alexander for specimens of normal tissues from the 
Pathological Deartment of the Royal Infirmary. 
I am indebted to my wife for the drawings which 
illustrate this thesis and for the mounting an a 
labelling of the illustrations. 
The rest of the work, including the preserving, 
nutting, and staining of the specimens, has been 
carried out entirely by myself. The photographs, 
also, are my ovin work throughout. 
I have to acknowledge. gratefully a grant from 
the Moray Fund which which has partly defrayed the 




"Am. Journ. of Anat., 1918, xxiv, 271. 
"New York Med. Journ", March, 1921. 
Atwell and Marti-. 
"Am. Journ. of Physiol': , 1918, xivii, 76. 
Balfour, F.M. 
"Quart. Journ. Mier. Sc i': , 1874, xiv, 362. 
Ba.ul iga.rtner . 
'Journ. Morph., 1916, Vol. xxviii. 
Bell, W. Blair. 
"The Pituitary ", London: 1919. 
Benda, C. 
"Berl. Klin. Wóok. 1900, xxxvii, 1205. 
Berkley, H.J. 
-Brain ", 1894, xvii, 515. 
Carlson, A.J. and L.M. Martin. 
"Am. Journ. Physiol., 1911, xxix, 64. 
Caselli, A. 
"Studi Anat. e Speriment 
Glandola Pituitaria.. 
1900. 
. Fisiopatologie d 
Regio nell' Jmilia., 
C lun et , J. and V. J ounesc o . 
"Compt. Rend. Soc. Biol : , 1910,1x1x, 626 
Cow, D. 
"J ou rn . Phy s i o l': , 1915, xl ix , 441. 
Cushing, H. and E. Goetsch. 




"The 'il;uitary Body and its Discrders;1912. 
Dan der , 67.E . 
"Annals of Surgery ", 1918 & 1919. 
"Bulletin of the John Hopkins Hospital'; 1919 
Dandy and Blackfa.n. 
"Am. Journ. Dis. Child. 1917. 
Dandy and Goetsch. 
"A.mer. Journ. Arat:, 1911, ii, 137. 
Dostoiews , A. 
"Archiv. f. Mikr. Anat': , 1886, xxvi, 592. 
Edinger, I. 
'Arc hiv . f. Mikr. Anat'. , 1911 
Erdheim, J. and Stumme, E. 
"Beitr. path.Anat. u.z. allg. Path'!, 1909, 
Fischer, B. 
"Hypophysis, Akromegalie und Fettsacht", 
Wiesbaden: 1910. 
Flesch, M. 
"Tageblatt der 57 Versammlung Deutscher", 
1884, 195. 
Fraser, John. 
"Edin. Med. Journ., 1921, xxxii, 3. 
Friedman. G.A. 
"Few York Med. Journ':, March, 1921. 
Gemelli, A. 
"Arch. p.1. Sci. Me d': , 1906, xxx, 341. 
"Folie neurobiol ", 1908, ii, 167. 
"Bull. Sec. Med': Pavia. 190. 
Grunb aura . 
"Froc. Physiol. Soc. Journ. Physiol:, xxiv, 
2 p. 24 
Guerinni, G. 
"Sulla funzione dell' ipofisia Sperirnent': 




'Beitr. z. path Anat. u.z. allg. .ath:, 
1909, xlvi, 133. 
Hamburger, W. 
"Am. Journ. Fhysiol'! ` , 11 p. 282, 1904. 
Herring, P.T. 
"Quart. Jounr. Exper. Physiol!, Vol. 1,p'.121, 
etc. 1911, Vol. iv, p. 183. 1915, Vol. 
viii. o. 245. 
"Proc . Roy. Soc-: 1921, Vol. 92. B643, p.102 
'Howell, W.H. 
'Journ. Exper. Med: , 1898, iii, 245. 
Joris, H. 
I. hypophyse au cours de la gestation. Bull. 
Acad. med. d, Belg. 1908. 
Kohn, A. 
Archiv. f. ;rIikr. n..na.t. 1910, lxxv, 337. 
Kojima, M 
<,uart.Joun. Exper. Physiol. 1917, ii, 319. 
etc. 
Kolliker. 
Entwickelungsgeschictedes ilenchen und der 
hoheren Thiere, 2 Aufl., 4,531, 1879. 
Handbuch der Gewebelehre des Menchen, 6te Auí1. 
1896, ii, 6,604. 
Taunois, B.E. and B. Mulon. 
Compt. Rend. Soc. Biol. 1903, 1448. 
Lewis and _ .urer. 
Anat. Record. 19 %0, xviii 238. 
"Lewis, Miller,and Matthews. 
Archiv. Int. Med. 1911, vii, 785. 
Livon, C. and Peyron. 
Compt. Rend. Soc. Biol. 1911, lxx 730. 
Lothringer, S. 
Archiv. f. Miekr. Anat. 1886, xxviii, 257 
Oliver, E. and E.A. Schafer. 
Jounr. Physiol. 1895, xviii, 277. 
Osborne, W.A. and S. Vincent. 
Jounr. Physiol. 1899 -1900. xxv, 9. 
Parker/ 
Parker. 
Journ. Anat. 1917. Vol li. 
Pirrone, D. 
Contr. Seer. allo studio della funzione 
dell' ipofisi hif med. 19. 1903. 
Rogowitsc h, I . 
Beitr. z. Path. .Anat. u. z. allg. Path. 1889, 
iv, 453. 
Robertson, Brailsford, and L.A Ray. 
Journ. Biol. Chem. 1916, xxiv, 347, etc. 
Saint -Remy , G. 
Compt. Bend. de l'Acad. des Sci. 1892, cxiv, 
770. 
Schafer, E.A-. 
The Endocrine Organs. London: 1916. 
Proc. R.S.B. 1909, lXxxl. 
Schafer and Herring. 
Phil. Trans. 1906. p. 199. 
Schafer and Swale Vincent. 
Journ Physiol. 1899 -1900. xxv. 87. 
?roc. Physiol. Soc. in Journ. Physiol. 1899, 
xxiv, p. xix. 
Schonemann, A. 
Virchou' s Archiv. 1892, 129,313. 
Siguret, A. 
L. hypophyse pendant la gestation. Paris: 
1912. 
Steida, H. 
Beitr. z. Path. Anat. u. z. allg. Path. ,1890, 
vii, 537. 
Thaon, P. 
L. hypophyse. Paris: 1907. 
T ilney , F. 
Mem. Wistar Instit. Anat. and Biol. Phila- 
delphia: 1911. No. 21. 
Trautman, .tìl . 
Archiv. f. Mikr. Anat. 1909 , lxxiv , 311. 
UT.lenhuth, E. 
Anat. Record. Jan., 19 :2. Vol. 23. No. 1. 
Barker. 
5. 
The Pineal Body. 




Pathologica, Genova, 1910. ii No. 45,p. 43 
J ou rn . Exp e r . Me d . 1915. xxi i , 237. 
Journ. Amer. '::ed. Assoc. 1916, lxxii, 1836. 
Frankl-hochwart . 
Wien Med. Wooh. 1910, p. 505. 
Galassen and Urechia. 






Archiv. Int. Med. 1916, xxii, 627. 
Journ. Exper. Zoo' 1916. xxi, 295. 
Knabbe. 
Âlstr. in Review cf f,eurol. and Psychiatry, 
Edin. 1915, xiii, 
i.Cord. 
Tr. Amer. Gynec . Soc. 1917, xlii, 41. 
Oestrich a.nd Sla.wyk. 
Virchous Archiv. 1899, clvii, p. 475. 
Ogle. 
Trans. 'ath Soo. -London: 1899, 1. 
Park. 
Amer. Journ Dis. Child. 1916, xii, 477. 
Sisson and Finney. 
Journ. Exper. Med. Balt . 1920, xxxi, 335. 
Sutton, Bland. 
In Keen's Surgery. Vol. vi. London: 1913. 
Timore. 




New York Med. Journ. March, 1921. 
Benedict and Harris. 
Carnegie Institute, V ashington Publication, 
1919, p. 279. 
oothby and Sandiford. 




Anat. Record, Vol 23, No. i, 1922. 
Edner, U.V. 
Kolliker's Handbuch der Gewebelehre. 6te 
Aufl. Bd3, Leipzig: 1899. 
Forsyth, D. 
Journ. Anat and Physiol. xlii, 142, 302. 
Gley, E. 
Compt. Rend. Soc. Biol. 1891 +,1892,1894. 
Gud.erma.tsch,J .F . 
Am. Journ. Anat. 1913, xx, 431. 
Halpenny, F. and F.D. Thompson. 
Anat. Anz., 1909, xxxix, 376. 
Judd.ÿ.S. 
1L. nnals of Surgery. Aug., 1920. 
Kendall, E.C. 
Boston Med. and Surgical Journal, 1916, 
clxxv, 557. 
The Physiologic Action of Thyroxin, Endo,- 
crinolcgy, iii, 156, April, 1919. 
Journ. Biol. Chen. xxxix, 125. Aug., 1919. 
Kohn, A. 
Archiv. f. Mikr. Anat. 1895, xlvi, 366. 
Ergebnisse der Anat. u. Entwick. ix. 1899. 
Langendorff. 
Biol. Zentrablt. 18' 9 . p. 9. 
iloCarrison, R. 
The thyroid Gland. London: 1917. 
Magnus-Levy, A. 
Zeitschrift f. klin. 2Ied. 1906. 
.ïfa.xïne/ 
7. 
Marine and Kimball. 
Journ. Lab. and Clin. Led. 1917, iii, 41. 
Marine and Lenhart . 
Journ. romper. Med. 1910. xii, 211. 1911,xii 
455. Bull. John.Hopkins Hosp.1910,xx1,95 
Mayo, C.H. 
Collected Papers, ::layo Clinic. 1912, 638. 
Ma.0 r ic e . 
Lyons Medical, cxix, 1912. 638. 
Me a.ki n s and Davis. 
,din. Led. Journ. Jan., 1922. 
Plummer, H. S. 
km. Journ. Med. Sci. 1913, cxlxi, 790. 
ñ ipma.n . 
noted by MbCarriscn. 
Robertson, Madge. 
Journ. Anat. Jan., 1920. 
Roussy, et Clunet. 
Arch. de Med. Exrer. et d'.8. nat. Path. 1910. 
xxii, 462. 
Salomon. 
Berliner Kiln. Wochenschrift. 1904. 
Thompson, _rs. F.D. 
?hi1.'Trans. 1910. 
Vassale e Generali. 
Archiv. itdl de Biol. 1900, xxxi i, 154. 
Vincent Swale. 
Internal Secretion and the Ductless Glands, 
London: 1922. 
Watson Chalmers. 
Journ. 1906,p. 34. 
Wilson, L.B. 
Am. Journ. lied. Soi. Dec., 1913. 
Journ. Am. Med. Assoc. Jan., 1914 and Mar., 
1914, Dec., 1916, and Oct., 1918. 
Collected PaL)ers _;ayo Clinic. 1915. 
Wilson and Durante. 
Journ. Tied. Research, July, 1916. 
8. 
The Para.thyroids. 
Adler and Thaler. 
Wiener klin, Rundschau. 1906. 
Berkeley. 
Med. News. Dec. ?, 1905. 
Erdheim. Belt. zur Path Anat. xxxv, 366, 190 -. 
Evans. 
Anz. of Swag. act. 1907. 
Falta. 
Ginsburg. 
Die Erknankungen der Blutdrusen, 1913. 
Jour: km. Mel. Assóe . June 1, 1912. 
Guizeth. 
Atti Soc. Ital. Progress. Sc. i 
Parma. 283. 
Ha.berfeld. 
Viroheu' s Archiv. f. Path. Anat. and Plays. 
and f. klin. Med. Bd. 203, 1911. 
Halstead. 
A.m. of Surg. Oct., 1907. p. 489. 
Am. Journ. Med. Sci. July, 1907. 
Soc Exper. Biol. and Yiel I p. 74, 1908. 
Hotiard. and Marriott. 
Bull. Jan sAiopkins ; .Hosp..v ,1918, x ±ix,235 
Leopold and von Klauss. 
Wiener klin. Wochenschrift, 1908. 
..a.cCa.11uni. 
Jour. Exper. Med. 1909, xi, 118 and 1913, 
646. 
Journ. Pharm. and Exper. Therap. 1911, ii, 
421. 
:3yo, C.H. 
In Binnie's Regional Surgery. London: 1917. 
Liner. 
Seit. zur Path. Anat. xix, 127, 1896. 
Patòn and Finlay. 
Q;ua.rt. Jour. Exper. Physiol. 1917, x, 203. 
Paton, Finlay and Watsón. 
Ibid. 233, 243, 315, 377. 
Petersen. 
V irc hou' s Archiv. fur Path. Anat. Und Phy s . 
und f. kiln. Med. 1903, 174, p. 413. 
Rogers/ 
9. 
hogers and Ferguson. 
Am. Jour. Med. Soi cxxxi, p.. 811, 1906. 
Sacordotti. 




Archiv. Ital. de Biot. 30, p. 49, 1897. 
Viroh. Arch. âlxxxvii, 80, 1906. 
Voegthin. 
John Hopkins Hosp. Bull. 1908, xxx, 91. 
Welsh., 
Yanase. 
Jour. Anat. and Physiol. xxxii, 292 and 38 









Viroh Arch. f. path. Anat. Phys . und f. 
klin :.ed. 1913, Bd. 214, aft. .1 p. 91 
Jour. Exper._,00l. Vol. 30, 1920, p. 189. 
Wien. klin. Wooh, 1908. 
Jahrb. f. Kindh. 1908, Lxxiii, 668. Also Am. 
Jour. Dis. Child. Feb., 1912. 
Amer. Jour. Anat. 1905, y, p.29. 
Zeitschr. f. Exper. Path.und Ther. i, 1905. 
Gundernstsch. 






Anat. Anz. 1905. xxvii. Also Anat. riefte, 
1911, xliii. 
Virch. itroh. f. path Anat. u. Phys. und f. 
klin. Med. 1913, B 214, aft 1, p. 1. 
Jour. Physiol. 1916. Vol. 5 ̂ . 
Jour. Exper. Zool. 1916. Vol. 21, p. 295. 
'rankf. Zeitschr. Path. i, p. 527. 
Klose and Vogt. 
Beitr. z. klin. Chir. 1910, lxi1., Iift. 1. 
Kon ig . 
Zuc i en / 
Zentralb. f. Chir. 1897. Vol. xxiv, p.605. 
Verha.ndl. d. duet. Geselleschaft f. Chit., 
1906, xxxv, 69. 
Lucien and Paris ot . 
Arch. de. Med Exper. 1910, xxii, 98. 
:Jaya. 
In Binnie' s r m :egio l Surgery. 'London: 1917. 
Pappenheimer. 
Jour. Exper. Med. 1914, Vol. 19, p. 319. 
Pa rk . 
Paton. 
Jour. Exl er. Mel., 1917, Vol. 25, p. 129.. 
Jour. Physiol., 1911, xlii. 
?'atou and Goodall. 
Jour.?hysiol. 1904, xxxi. 
hegaud. et Gremien. 




^ rch. f. Lnât. u. Li-it-wick'. 1907, pp. 123,1 
a.d. me i. Fakult. d.:k. Univ. zu Tokio, 
1913-14. Bd 11, S 261. 
knat. Heft. 1906, Vol. xxxi, p. 407. 
Uhlenhuth. 
Jour. Exper. Zool. 1918, Vol. 25, p. 135. 
Jour. Gen. Physiol. 1919, Vol. 1, p. 305. 
Vdallisch. 
Wiesel. 
Archiv. f mikr. knat. 1904, lxiii. 
Ergebnisse der path Anat. v. Lubarsch. u. 
Ostertag 15. Jahr. Abt. 1912, pp. 416,782.. 









The Supra.renals . 
Ziegler's Beitrage, 1909, xlvii. 
New York Med. Jour. March, 1921. 
Virch. Archiv. ccxxv, 1918, ,. 1. 
The Internal Secretory Orgns. 
E din . Med. Jour. 
Monograph. London: 1878. 
Am. Jour. Physiol. 1911. Also Bodily Chan- 
ges in Pain, Hunger, Fear, and liage: 
Appleton & Co. 1915. 
A physioa1 Interpretation of Shock. London: 
1921. 
Elliott -and Armour. 
Jour. Path and Bact. 1911. 
Elliótt and Tuckett . 




Jour. Path. and Bact. 1920. 
John Hopkins Hose. Reports. il:, 1900,J.153. 
Jour. Physiol Lill, 1919 -20, xcvii. 
Hultgren.and Anderson. 
Skad. Arch. f. Physiol. 1899, 9 , p. 73. 
Levy. 
Jour Physiol. 1911, xlii, p. 111. 
Oliver and Schafer. 
Jour. of Physiol. 1894 and 1895. 
Paton and Goodall. 
Jour. Physiol. 
Stewart and Rogoff. 
Am. Jour. Physiol. 1920. 
Stoerk and v. Haberer. 
Archiv. f. mikr. . Anat. 1908, lxi i , S 481. 
